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SCHEMATIC GENERATION 

The invention relates to a method of and apparatus for generating data representative 
of a geographical network and a method of providing a graphical schematic of a 
5 location. The invention finds particular application in the field of routing services for 
mobile devices. 

Conventional World-Wide Web based routing and guidance services provide 
information geared to large-screen devices such as computer terminals, but are 
10 generally unsuitable for use with small devices such as mobile phone? andPDAs. 

Mobile devices usually have small screens with limited capacity for representing 
complex geographical information such as maps. 



15 The mvention seeks to address some problems with known systems. 

K;V,. : Aceordmgly, a first aspect of the invention provideis =; a method of generating data 
■ ■=■.■:■ representative of a geographical network, using a database containing data 
representative of nodes and edges connected to such nodes, the nodes and edges being 
20 representative of the geographical network, and the method comprising the steps of 
■;:(a) selecting data from the database relating to an extended junction, which junction 
; comprises at least one node and at least one edge, and (ty^^ selected data. 

The terms 'node' and 'edge' as used herein are preferably used in the topological 
25 sense, such that, for example, a node may define a point in a network, and an edge 
;■: may define an interconnection between any two such points. Such an edge may be 
constrained to a straight line, or may define a more complicated interconnection, in 
'the context of a road network, a 'simple' road junction (where two or more roads meet 
^at aipomt) could be considered a *node' rsuid the roads themselves could be considered 

30 



The term 'extended junction' as used herein preferably connotes a combination of 
node(s) and edge(s) that together can be considered to form a single 'higher-level' 
node and related edge(s). : For example, in the context of a road traffic junction, the- 
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many road; junctions surrounding a roundabout may be considered a$ forming a single 
: extended junction (node) with all of the roads feeding into the roundabout as edges 
connected to it. By contrast, a 'simple junction' preferably connotes an indivisible 
entity in the network (such as a T-junction in a road network) comprising a single 

• ; -?5.\ " I'npde and coj^c^e^.edges. 

By selecting an extended junction, and selecting ^nd outputting data relating to it, the 
data representative of a geographical network can be generated more efficiently, for 
example since sufficient information relating to a junction can be provided without 
10 the nqed necessarily to select and output all of the data in the database. 

The database is preferably a database of geographical data, for example containing 
coordinates and interconnection information defining a road network (or alternatively 
a rail or footpath network, and so on). The database may contain, for example, tables 
15 containing node and edge data respectively, and a further table defining the 
interrelationsbip between the t>yo. . -. 

Preferably the step of selecting data comprises (i) selecting from the database a node* 
which forms part of the extended junction, and (ii) selecting from the database in 
20 accordance with predetermined criteria at least one edge which forms part of the 
, extended junction and which is connected to the selected node. 

This can further reduce the amount of data which needs to be selected for a particular 
representation. 

25 

The step of selecting data may comprise selecting an edge if the length of the edge is 
less than a predetermined length. Alternatively or additionally, the step of selecting 
* I * data may comprise : selecting an edge in accordance with a related ; flag in the database 
(for example, a flag indicating whether or not the edge is to be considered as 
:3Q ■ - significant). ; 

Also, the step of selecting data may comprise selecting an edge in accordance with 
data in the database which relates the edge with another edge that has already been 
■ selected. : ' ' '. ■ 
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^he step of Selecting data m,ay even comprise selecting an edge if the edge is an 
element of a road artefact such as a roundabout, dual carriageway or traffic island. 
The step of selecting data may further comprise analysing the network adjacent to an 
5 edge to determine whether the edge is an element of a road artefact. 

The step of selecting data preferably further comprises the step of selecting at least 
one node connected to any of the selected edges. This can again improve the 
efficiency of the selection of data by ensure that further selected data (such as the 
10 above-mentioned node connected to any of the selected edges) has a clear relation to 
. the imtiaUy selecte;d node. - 

^ or : additionally, the step of selecting data may further comprise the step 

bf selecting at least one edge connected, to but not forming part of the extended, 
15 junction. This can allow a context to be generated for the extended junction without 
nece 



• Preiferably the step 'of butputting the selected data comprises Ix^smitting the selected. 
; data to a client device, such as a mobile device (for example a mobile phone or PI) A). 
20 By trtosmitting .the selected data to the device, rather than for (example selecting the 
data in the device itself, the memory and speed requirements of the client device can 
be minimised. .. . . :"• ': 



on a 

25 handheld device, preferably in the form of a graphical schematic. Thus, any screen 
V size (and cost) may be kept to a minimum. Alternatively, text may be used either to 
; render a simple schematic, or to provide a descriptive summary of the data, with a 
potential benefit in teams of the reduced amount of data which may need to be output. 
A graphical schematic may be generated from the data in accordance with one or 

30 more of the deyice's screen size, aspect ratio, colour capabilities and other attributes 
of the device. The data may be selected and/or displayed in a way suitable for use by a 
pedestrian. Alternatively or in additionally, data and/or graphical schematics may be 
selected, modified or generated in accordance with user preferences. This has the 
advantage that the routing information received by a user may be customised. 
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Preferably the method further comprises selecting further data relating to a further 
; extended junction by selecting a further node in the database, and identifying one or 

more further edges connected to the selected node and meeting the same or further 
5 predetermined criteria, and further putputting the further data relating to the further 
;•; extended junction. This can usefully extend the ran of the data whilst avoiding a 

potentially wasteful generation of data less relevant to the initially selected node. 

; In a further aspect of the invention there is provided a method of processing data 
10 representative of a geographical network, which network is formed from nodes 
connected by edges, the method comprising selecting an edge, analysing the portion 
of the network adjacent to the selected edge to determine whether the edge is an 
-element /'pf::an;a^f^;.md processing the selected edge in dependence on the result i of 
the analysis. . ' . : •./ 

•i5 : ..y/V;- : : •- . : -:V.:. •-. \ -X,/--'y ..;V ^-v ;.; Cy}': ■]};••': 

The term 'artefact' as used herein preferably connotes a network component which 
comprises at least one node and at least one edge and whose presence is incidental to 
the overall structure and/or purpose of the network, and moreover may be the cause of 
additional complication to the network. For example, in the context of a road network, 
20 a traffic island can be considered an 'artefact', since it is not required for the purpose 
of efficient navigation from one location to another, and creates additional road 
junctions (nodes) and connecting roads (edges) in its vicinity. 

By such analysis and; processing to take into account artefacts in the network, 
25 processing time and data size can be prioritised accordingly, 

- The step of analysis preferably comprises determining whether the configuration of 
the portion of the network adjacent to the selected edge satisfies predetermined 
/criteria. Wfcere : the network is a road network, for example (other otherwise), the step 
30 ' of analysing the network may comprise determining whether the edge forms part of a 
traffic island. 

Preferably the method further comprises processing the set of selected nodes and 
edges in accordance with a modification algorithm, thereby allowing the data to be 
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further optimised for any particular application Such a modification algorithm may 
be written in an interpreted or a compiled language (such as PL/SQL, C++ or Java, for 
example). The method may further comprise modifying a graphical schematic 
produced from the data,in accordance with a predetermined modification algonthm 

In a related aspect of the invention, there is provided a method of processing data : 
representative of a geographical network, the method comprising the steps of (a) 
retrieving the data from a database, (b) processing the data in accordance With a 
; modification algoritlm, and (c) outputting the processed data. 

Preferably the modification algorithm geometrically simplifies the data, potentially 
reducing data sizes. 

Where the data includes a plurality of nodes, the modification algorithm may adjust 
15 the relative positions of the nodes. Where the data includes a plurality of edges, the 
; modification aljgorithm may adjust die relative angles between at least two such edges. ; ■ 
The modification algorithm may snap the relative angles of at least two edges to one 
of a set of preferred angles, and the algorithm may adjust the relative angles of at least : 
two edges to be parallel or anti-parallel. 



20 
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Furthermore, the modification algorithm preferably includes the steps of (a) 
identifying preferable alignment relationships between different elements of the data, 
and (b) adjusting the relative p^ of the elements so as to provide an 

arrangement which bbst satisfies the identified alignment relationships. 



Where the ; data includes at least one node and at least onb edge connected to the 
node(s) and being representative of at least one junction exit, the modification 
algorithm may include the steps of identifying at least one edge as a junction exit, 
identifying preferable alignment relationships between the or each junction exit, and 
30 adjusting the relative positions and/or angles of the junction exits so as to provide an 
arrangement which best satisfies : the identified alignment relationships. 

The method may further comprise computing a measure of the strength of the 
:'. alignment relationships in dependence on the similarity of the geometry of die 
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elements to a predetermined relationship, such as a parallel or anti-parallel 
-rel^onship. .7/ : ■ ''. -: • '>.\ ■ . . ; 7 V ■ ; ; .- ' 

Where the data includes at least one node and at least one edge connected to the 
5 node(s), the modification algorithm may preserve anti-parallel relationships between 
pairs of edges in preference to parallel relationships between pairs of edges, and/or the 
modification algorithm may include the steps of identifying one or more of said edges 
as junction exits, and grouping the junction exits into clumps of junction exits which 
can be displayed as emanating from the same point. 

io • ; • ■ ■ ; . : -- 

Also, the modification algorithm may attempt to minimise the numbers of clumps. 

Additionally, where* the data includes at least one node and at least one edge 
■connected to the ; node(s), the mbdificitipn algorithm m^y include the steps of (a) 

15 identifying one or more of said edges as junction exits, ^) detennining the angle of 
each of the junction exit(s), and (c) modifying the data in accordance with the angle(s) 
of the junction exit(s). The junction exit is preferably defined by a series of polyline 
segments at different angles, and the angle of the junction exit is preferably 
determined by analysing the polyline -seginents to determine a representative angle. 

20 :• : ; l ^-:!^^/ •< : • \ a C\ : • ' : ''"\ v ;:; '• ■ V y ] •■ -,' r'X; : X : . 
; . y:;!P|x&n^y, ! outputting the selected or processed data comprises butputting the data as 
graphical data, preferably in the form of a graphical schematic. 

The modification algorithm preferably aligns the graphical data with a selected screen 
25 '• geometry. 

The modification algorithm preferably further comprises the steps of: receiving route 
S idi^; defining a route as a set of nodes; computing a measure of the significance of one 
such node; and processing the route data in accordance with the computed 
30 significance. 

This feature is provided independently, therefore a further aspect of the present 
invention preferably provides a method of processing data representative of a 
■geographical network, cpmprising the steps of: receiving route data defining a route as 
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a set of nodes; computing a measure of the significance of one such node; and 
processing the route data in accordance with the computed significance. 

Computing a measure of the significance of a node preferably comprises classifying 
the node as one qf significant and insignificant; computing a measure of the 
significance of a node preferably comprises retrieving a first parameter associated 
with a first edge connected to the node and a second parameter associated with a 
second, edge connected to the node; and comparing the first and second parameters. 



30 



10 The first parameter preferably comprises ai 

and the second parameter preferably comprises a classification associated with the 
second edge. The first parameter may comprise a road name associated with the first 
edge and the second parameter may comprise a road name associated with the second 
edge. ■ " : *•• - • ,. ; ; 

15 V"- - ; " 7 r - \ ' : :C/ : v.. : -- ... ":. ■ ■ ■ • •• • . •■W"'-'. 



segmenting the route into a plurality of route segments in accordance with said 
computed significance. ^ ■ 

20 Processing the data preferably comprises computing a measure of the significance of 
: each of a plurality of such nodes and segmenting the route into a plurality of route 
: segments in accordance v^ith said computed significances. 

Processing the date preferably comprises segmenting 
25 segments, wherein segmenting the route comprises generating a route segment 
bounded by two si gnific ant nodes, the route preferably haying a start node and an end 
node, and wherein segmenting the route comprises generating a plurality of route 
segments each bounded by two significant nodes or by one significant node and one 



Processing the diata preferably comprises segmenting the route into a plurality of route 
segments, further comprising further segmenting one of the plurality of route 
segments if the segment exceeds a pre-determined length or if the segment comprises 
more than a pre-determined number of insignificant nodes. 
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In a further aspect the invention provides a method of providing a graphical schematic 
of a location, the method comprising the steps of: (a) selecting one or more of points 
• of interest from a database in accordance with a predetermined selection algorithm, 




The selection algorithm can enable a relatively 'uncluttered' schematic to be 
generated, in which only relevant points of interest (herein referred to as POIs) are 
10 provided, and other redundant informatipn is omitted 



Preferably the algorithm includes the steps of ranking a plurality of points of interest, 
and selecting one or more of the points pf interest in accordance with their rank;;Thus 
for example the algorithm may select only a predetermined number of points of 
15 interest, for instance the ten highest ranked points of interest. 

Preferably the algorithm includes the steps of retrieving one or more stored 
• parameters associated with each point of interest, and selecting one or more of the 
points of interest in accordance wi& thisir assopiated stored parameter(s). Thus for 
20 instance the parameter may indicate the category of the POI (for instance the POI may 
be categorised as a 'Cinema' or a House'). In this case the algorithm may only select 
POIs within a certain -category, or may preferentially select POIs within that category. 

Preferably the selection algorithm comprises the steps of selecting a location; and 
25 selecting one or more points of interest within a predetermined radius of the selected 
location. Thus the algorithm can limit the field of selection. 

in one example the database includes a plurality of nodes and the selection algorithm 
includes the steps of selecting a node, defining a region surrounding the node, and 
30 selecting points of interest within the defined region. Thus the node may represent, for 
instance, a junction inarpadmap. 

The region may have a complex shape, or the method may, for example, comprise 
defining a circular region centred on the node. 
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The selection ^gorithm may select one or more of points of interest from the database 
in accordance with the visibility of lie points of interest, or in accordance with tiie 
time of d^y. . ■ ■". • : : 



5 



The method may further comprise • storing a list of favourite points of interest 
associated with a particular user, the selection algorithm then preferentially selecting 
points of interest stored in the list. 



10 The selection algorithrn may selept qne or more i 

in accordance with user preferences or advertising requirements. This allows further 

'.a user. 



The method may further comprise the steps of (a) calculating a direction, and :(b) 
15 outputting data which indicates the direction calculated in step a). In contrast with a 
conventional 'map', which may include an arrow indicating the direction north, this 
aspect of the invention enables any resulting graphic schematic to be 'customised' by 
•.^iiii^padng any desired direction ? for instance to indicate the direction in which a user 
.v : should move in order tp proceed to a desired destimation. 

;2Q /: ; : ;v;,.^'./ : ' :v :. : :; \'-':y y ■[}•-•] ' \v : . V: 

This important feature is also provided independently. Accordingly, in a related aspect 
of the invention there is provided a method of providing a graphical schematic of a 
location, the method comprising the steps of (a) calculating a direction, (b) generating 
a graphic schematic including iitf^ which indicates the direction calculated in 

25 step a), and (c) outputting the graphical roiite schematic. 

The information may be presented in a variety of ways. For example the schematic 
may be coloured red in the desired direction, aiid blue away from the desired 
direction, with gradations of ; colouring in-between. Preferably the information is; 
30 provided in the form of a marker such as an arrow. 

Typically :the graphical schematic includes a junction -including a incoming road 
segment taken into the junction and a outgoing road segment taken out of the junction, 
: ; and the method includes the step of determining the angle between the incoming and 
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outgoing road segments and selecting the information in step b) in accordance with 
the angle. For instance the number of arrows inclqded in 1±ie graphical schematic may 
vary in accordance with the angle. ; 



5 The method may further comprise, the steps of determining 

moon or sun, and outputting data which indicates the current position of the moon or 
: vsun as deteninn^ 

This aspect can enable a user of the data to orient themselves more easily by noting 
10 the current position of the moon or sun,, and correlating this with the information 
provided in any resulting schematic. 

In a further aspect the invention provides a method of providing a graphical schematic 
of a Ideation^ the method comprising the steps of; (a) determining the current positipn 
15 of the moon or sun, (b) generating a graphical schematic of the; location, the schematic 
including information which indicates the current position of the moon or svm 
determined in step a), and (c) outputting the schematic generated in step b). 

The information may be provided in a variety of ways. For instance the schematic 
20 may be coloured: more brightly in the direction of the moon or sun. Alternatively the 
information may comprise a marker. In one example the position of the marker within 
the schematic is dependent on tihe current positipn of the mooii or sun, In another; 
example the marker may comprise a shadow image, the configuration of the shadow 
irnage being dependent on th0,current position of the moon or sun. 

425 , • ':.[:■':. ,-. : r- - y. ' :: ' ■ ■ : 

The methods ^ comprise the steps of (a) receiving configuration data, and 

;(b) generating the graphical schematic in accordance with the configuration data 
received in step a). This can enable a graphic schematic to be 'customised 1 in any . 

■l-';l;v;/'desired maimer, for instance to adapt to different device properties (such as screen 

30 ; size or resolution) or user preferences. 

In a further aspect the invention provides .a method of providing graphical schematic 
data, the method comprising the steps of (a) receiving configuration data, (b) 



to 
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generating a graphical schematic in accordance with the configuration data received in 
step a), and (c) outputting the graphical schematic generated in step b). 

The method may further comprise (a) selecting a network element from a database, 
5 \(b) selecting a point : of interest from a . database in accordance with a predetermined 
{selection algorithm, (c) dete rminin g a geometrical relationship between the network 
: element selected in step a) and the point of interest selected in step b), (d) generating 
an abstract representation of the point of interest in accordance with the geometrical 
relationship determined in step c), (e) generating a graphical schematic including the 
10 set of network elements selected in step a) and the abstract representation of the point 
of interest generated in step d), (f) outputting the graphical schematic. : 

\ fa further aspect the invention provides a method of providing a graphical schematic 
of a location, the method comprising the steps of (a) selecting a network element from 
15 a database, (t>) selecting a point of interest from a database in accordance with a 
predetermined selection Mgqrithm, (c) determining a geometrical relationship between 
the network element selected in step a) and the point of interest selected in step b), (d) 
= generating an abstract representation of the point of interest in accordance with the 
:7; geometrical relatipnship determined in step c), (e) generating a graphical schematic 
; 20 including the set of network elements selected in step a) and the abstract 
representation of the point of interest generated -in step d), and (f) outputting the 
graphical schem^ . 

• This aspect generates an abstract representation of a point of interest (POI) based on 
25 the geometrical relationship of the POI with a network element (such as an ; edge or 
node). This enables the network element to be manipulated (for instance translated or 
i rotated) whilst rdaintaining a consistent display of the POI relative to the network 
: element. The geometrical reliatibnship is .generally some relative relationship such as 
apparent size, visibility or closeness. Other non-relative properties of the POI (such 
30 as actual size, shape etc) can be disregarded. 

In particular, the geometrical relationship may relate to the visibility of the point of 
interest from the edge, to the apparent size of the point of interest from the edge, or to 
the distance of the point of interest from the edge. The abstract representation of the 
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point of interest may comprise an abstract frontage of the point of interest, directed 
towards theedge. : : . 

In a further aspect the invention provides a method of providing a graphical schematic 
5 of a location bounded by a defined geographical area, the method comprising the 
steps of (a) selecting one or nipre of points of interest falling outside the defined 
geographical area from the database, (b) generating a graphical schematic of the 
•defined geographical area, the graphical schematic including an indication of the. 
direction of the pbint(s) of interest falling outside the defined geographical area; and 
10 (c) outputting the graphical schematic generated in j 



This aspect of the invention enables further information to be provided - for instance 
if the defined geographical area contains no POIs, or if the selected POI(s) are of 
particular importance - for instance the direction of a highly visible landmark (such as 
15 : the Eiffel Tower in Paris) may ;be indicated, despite the fact that it lies outside the 
area. : .;.\\y-^ ; : 'n';v : ^'':' ;^ : . ) ■ . . ■•/ ■'. " •/ 

: The graphical schematic may include first source data from a first source and second 
source data %om; a second source. 

20 £>" ;: V:: :;: v '. ■ . ; ; ; : , •V : :;; V: ;.v; : -- ■• ' ■■ -■■'};:'' ; >[k : j • •. ' : ' ' : > : ■' ■ ' 

In a further aspect the invention provides a method of providing a graphical 
schematic, the method comprising the steps of obtaining first source data from a first 
data source, obtaining second source data from a second data source, generating a 
graphical schematic including said first source data and said second source data, and 

25 outputting said graphical schematic. 

This aspect can 'merge 1 or 'conflate 1 data from different sources in order to generate 

> ■:j/:^e. ; sch^atic.. 

3Q Preferably the method includes the steps of identifying a first feature in the first data 
source, identifying a second feature in the second data source, determining whether 
the second feature overlaps with the first feature, and associating the second feature 
: with the first feature if the second feature overlaps with the first feature. This can 
enable the data from the two sourpes to be merged smoothly. Thus for example the 
' { r ■ '. "'■[ ' :■ . 12 ' . : '- • ' •' • ""■■'.-'■!; 
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first feature may be a building, and the second feature may be a name associated with 

. ; : tl^^ili^g-. - ; '' V' . .' 

In one example the method further comprises identifying a second set of extended 
; ; 5 ^'unctipn elements by selecting a node from the datq. source, and identifying one or 
more internal edges which connect with the selected node and meet predetermined 
criteria; wherein the output graphical schematic output includes a first extended 
junction comprising & set of, extended junction elements, and a second extended 
junction comprising the first set of extended junction elements. 

■ . 10 " ; .. :-. . 

The first and second extended junctions may be joined for example by a continuous or 
; -broken line. • 

A further aspect of the inyeptiqn prpvides a method of processing graphical data, the 
15 method comprising selecting an edge which forms part of a nehyork of nodes 
connected by edges; analysing the network adjacent to the selected edge to determine 
/whether the edge is an element of a road artefact; and processing the selected edge in 
accordance with the analysis. 

20 This method enables a certain type of road artefact (such as a traffic island, 
roundabout or dual carriageway) to be identified iand processed accordingly. ;•■ 




A further aspect of die invention provides a method of providing a graphical 
; • 25 - schematic of a location, the method c 

a) retrie^g graphical data firom a database; 

b) generating a schematic by modifying the graphical data ; in accordance with a ■ 
predetermined modification algorithm; and 

c) outputting the Schematic generated in step b). 

: 30 •'- • . .,. V- "'"'}. - ' \ •:• 

This aspect enables a schematic to be customised for instance by aligning the 
graphical data with a selected screen geometry. Alternatively the schematic may be 
simplified for instance by straightening lines. Alternatively the look and feel 1 of the 
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schematic may be customised, for instance by shading areas according to crime ■ 
. Statistics. . ■ • "\ : ; 

The modification algorithm may simplify the graphical data for example by adjusting 
5 the relative positions of nodes or relative angles of edges in the graphical data. 

. An advantage of this aspect is that a variety of different schematics can be generated 
from a common set of source data; Also, the format and/or content of the schematics 
can be customised for a particular user or output device. 

Typically the modification algorithm includes the steps of identifying one or more 
edges as junction exits; identifying alignment relationships between the junction exits; • 
: and adjusting the relative positions and/or angles of the junction exits so as to provide 
an ^angement winch best satisfies the identified alignment relationships. Thus, for 
:.. '- : i'5 example the algorithm may preserve particularly strong relationships, such as anti- , : . 
parallel or parallel alignment relationsWps. : ' • 

ITie modification ^goritbm may also include the steps of identifying one or more ; 
edges is junction exits; and grouping the; junction exits into clumps of junction exits 
A;: 20 which can be displayed as emanating from the same point; The numbers of clumps 
can then be minimised so as to simplify the schematic. 

The modification algorithm may align the graphical data with a selected screen 
geometry. Vy ■ ■ y ;j 

"y The modification algorithm may include the step wherein the data or schematic is 
generated by, processed by and/or out put from a central -server; the algorithm 
including receiving and displaying the data or schematic at a mobile client device. 

30 There is preferably provided a system for performing the modification algorithm 
. which comprises a central server configured to generate and output schematics to a 
mobile client device; and a mobile client device configured to receive and display the 
schematics. 
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1 A further aspect of the invention preferably provides a mobile client device adapted to 
receive or display data or a schematic generated by a modification algorithm as 
; : • : /described ^oye. > : • • 

5 In a further aspect of the invention there is provided apparatus for generating data 
• representative of a ^geographical network, using a database containing data 
Representative of nbjdes and, edges connected to such nodes, the nodes and edges being 
representative of the geographical network, and the apparatus comprising (a) means 
(such as a processor and associated memory) for selecting data from the database 
10 relating to an extended junction, which junction comprises at least one node and at 
least one edge, and fb) means (such as an output) for outputtm 

The apparatus for processing data representative of a geographical network preferably 
comprises means (for example in the form of a processor with associated memory) for 
15 selecting data, comprising: (i) means (for example in the form of a processor with 
: associated memory) for selecting from the database a node which ^ 
extended junction; and :(ii) means ; (for example in the form of a processor with 
: ^associated memory) for selecting from the database in accordance with predetermined 
criteria at least one edge which forms part of the extended junction and which is 

The means for selecting data preferably comprises means (for example in the form of , 
a processor with associated memory) for selecting an edge if the length of the edge is 
less than a predetermined length and means (for example in the form of a processor 
with associated memory) for selecting an edge in accordance v/ith a related flag in the 
database- ■■ >: v : .' 

The means for selecting data preferably comprises means (for example in the form of 
a processor with associated memory) for selecting an edge in accordance with data in 
the database which relates the edge with another edge that has already been selected. 

•The means for selecting data preferably comprises means (for example in the form of 
va processor with associated memory) for selecting an edge if the edge is an element of 
a road artefact such as a roundabout, dual carriageway or traffic island It preferably 
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further comprises means (for example in the form of a processor with associated 
memory) for analysing the network adjacent to an edge to determine whether the edge 
is an element of a road artefact. 

The apparatus for processing data representative of a geographical network preferably 
(comprises means (for example in the form of a processor with associated memory) for 
selecting at least one node connected to any of the selected edges and means (for 
example in the form of a processor with associated memory) for selecting at least one 
edge connected to but not forming part of the extended junction. 

The apparatus for processing data representative of a geographical network preferably 
comprises means (for example in the form of a processor with associated memory) for 
putputting the selected data comprising means (for example in the form of a wired or 
tireless network connection) for transimtting the selected data to a client device and 
means (for example in the form of a processor with associated memory) for displaying 
the selected data on a handheld device, preferably in the form of a schematic. ; 

; The means for selecting data preferably further comprises means (for example in the 
form of a processor with associated memory) for selecting further data relating to a 
further extended junction using mekns (for epcaraple in the fotm of a processor with 
associated memory) for selecting a further node in the database, and means (for 
example in the form of a processor with associated memory) for identifying one pi; 
more further edges connected to the selected node and means (for example in the form 
of a processor with associated memory) for meeting the same or further 
predetermined criteria, and further putputting the further data relating to the further 
extended junction. 

A further aspect of the invention provides apparatus for processing data representative 
of a geographical network, which network is formed from nodes connected by edges, 
comprising means (for example in the form of a processor with associated memory) 
for selecting an edge; means (for example in the form of a processor with associated 
memory) for analysing the portion of the network adjacent to the selected edge to 
determine whether the edge is an element of an artefact; and: means (for example in 
the form of a processor with associated memory) for processing the selected edge in 
dependence on the result of the analysis. 
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The means for analysing preferably comprises means (for example in the form of a 
processor with associated memory) for determining whether the configuration of the 
portion of the network adjacent to the selected edge satisfies predetermined criteria. 
5 The network is a preferably a road network, and the means for analysing the network 
preferably comprises means (for example in the form of a processor with associated 
memory) for determining whether the edge forms part of a traffip island. 
There is also provided in another aspect of the invention apparatus for processing data 
representative of a geographical network, the apparatus comprising (a) means (such as 
10 a processor and associated memory) for retrieving the data from a database, (b) means 
(such as a processor) for processing the data in accordance with a modification 
algorithm, and (c) means (such as an output) for outputting the processed data. 

v The apparatus for presenting data preferably comprises means (for example in the 
15 form of a processor with associated memory) for geometrically simplifies the data 
using the modification algori thm . The data preferably includes a plurality of nodes, 
and the apparatus provides means (for example in the form ; of a processor with 
associated memory) for adjusting the rel ative positions of the nodes. The data 
preferably includes a plurality of edges, and the apparatus comprises ; means (for 
20 example in the form of a processor with associated memory) for adjusting the relative , 
angles between at least two such edges. 

This means for adjusting the relative angles preferably comprises means (for example 
in the form of a processor with associated memory) for snapping the relative angles of 
25 at least two edges to one of a set of preferred angles and means (for example in the 
form df a processor with associated memory) for adjusting the relative singles of at 
leasjt two edges to be parallel or anti-parallel. 

The apparatus for presenting data preferably includes: (a) means (for example in the 
30 form of a processor with associated memory) for identifying preferable alignment 
relationships between different elements of the data; and (b) means (for example in 
: the form of a processor with associated memory) for adjusting the relative positions of 
the elements so as to provide an arrangement which best satisfies the identified 
alignment relationships. The data includes at least one npde and at least one edge 
: - v • ';• "•■ \ ' ■ 17 : ./V *'= ••• •: • ■ ■ 
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connected to the node(s) and is representative of at least one junction exit. The 
. apparatus therefore preferably comprises means (for example in the form of a 
processor jyith associated memoiy) for identifying at least one edge as a junction exit; 
means (for example in the form of a processor with associated memory) for 
5 identifying preferable alignment relationships between the or each junction exit; and 
means (for example in the form of a processor with associated memory) for adjusting 
the relative positions and/or angles of the junction exits so as to provide an 
arrangement winch best satisfies the identified alignment relationships. 

>10 The apparatus for presenting data preferably further comprises means (for example in 
the form of a processor with associated memory) for computing a measure of the 
strength of the alignment relationships in dependence on the similarity of the 
geometry of the elements to a predeteraodned relationship, such as a parallel or anti- 
^araUel reliations^. • 

The apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for preserving anti-parallel relationships 
between pairs of edges in preference to parallel relationships between pairs of edges 
when the data includes at least one node and at least one edge connected to tie 

When the data includes at least one node and at least one edge connected to the 
. node(s), the apparatus; for processing data preferably comprises means (for example in : 
the form of a processor with associated memory) for identifying one or mpre of said 
25 edges as junction exits; and means (for example in the form of a processor with 
associated memory) for grouping the junction exits into clumps of junction exits ■ 
which can be displayed as emanating from tile same point The apparatus preferably 
comprises means (for example in the form of a processor with associated memory) for 
minimising the number of clumps. 

30 

When the data including at least one node and at least one edge connected to the 
v node(s),the apparatus for processing data preferably comprises: (a) means (for 
V • example in the form of a processor with associated memory) for identifying one or 
more of said edges as junctiqn exits; (b) means (for example in the form of a 
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processor with associated memory) for determining the angle of each of the junction 
: exit(s); and (c) means (for example . in the form of a processor with associated 
jqaemory) for modifying the data ;in accordance with the ; angle(s) of the junctipn 
exit(s). : '.'y ■ V-V? : ' v-.- ; ■. 



5 



The apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for defining the junction exit by a series 
of polyline segments at different angles, and means (for example in the form pf a 
• processor with associated memory) for determining the angle of the junction exit by 
10 analysing the polyline segments to determme a representative angle. 

The apparatus for processing dkta /preferably comprises means (for example in the 
form of a jwracessor wilii i^spciated memory), fpr outputtmg the selected or processed 
: data comprising means (for example in the form of sl processor with associated 
15 memory) for ouiputting the; data as graphical data, preferably in the form of a 
graphical schematic, The apparatus preferably comprises means (for /example in the 
form of a processor with associated memory) for aligning the graphical data with .k 
selected screen geometty. . ' 

'i^;V^/i!te-appa^itD8 for processing data preferably further comprises: mpans (for example in 
the f pim of ia processor \yith associated memory) for receiving route data defining a 
route , as ia. set of nodes; means (for example in Ihe fprm of a processor with associated 
memory) for computing a measure of the significance of one such node; and means 
(for example in the form of a processor with iassociated memory) for processing the 

25 route data in accordance with the computed significance. 

This is provided independently. There is therefore further provided apparatus 
comprising means (for , example in the form of a processor with associated memory) 
for processing data representative of a geographical network, comprising: means (for 
30 example in the form of a processor with associated memory) for receiving route data 
defining a route as a set of nodes; means (for example in the form of a processor with 
associated memory) for computing a measure of the significance of one such node; 
and means (for example in the form of a processor with associated memory) for 
processing the route data in accordance with the computed significance. 
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The apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for computing a measure of the 
significance of a node comprising means (for example in the form of a processor with 
5 : -associated mempiy) fpr classifying the node as one of significant and insignificant. : ! 

The apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for computing a measure of the 
sigijificance of a, node comprising means (for example in the form of a processor with 
10 associated memory) for retrieving ia : first parameter associated with a first edge 
connected to the . node and a second parameter associated with a second edge 
connected to the node; and means (for example in the form of a processor with 
associated memory) for comparing the first and second parameters 

15 The first parameter preferably comprises a classification associated with the first edge 
and the second parameter comprises a classification -associated with the second edge. 
Alternatively or in addition, the first and second parameters may comprise road names 
associated with the first and second edges respectively. 

20 The apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for associating the first parameter 
comprising a road name with the fir^t edge and the second parameter comprising a 
road name with the second edge. 

25 The apparatus for processing data preferably further comprises means (for example in 
the form of a processor with associated memory) for segmenting the route into a 
plurality of route segments in accordmce with said computed significance. 

The apparatus for processing data preferably comprises means (for example in the 
30 form of a processor with associated memory) for computing a measure of the 
significance of each of a plurality of such nodes. 
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®e apparatus for processing data preferably comprises means , (for example in the 
form of a processor with associated memory) for segmenting the route into a plurality 
of route segments in accordance with said computed significances. 

5 The apparatus for processing data preferably comprises: means (for example in the 
form of a processor with associated memory) for segmenting the route into a plurality 
of rpute segments, wherein segmenting the route comprises generating a route 
segment bounded by two significant nodes. .' 

10 The apparatus for processing data preferably comprises means (for exam in the 
form of a processor with associated memory) for segmenting the route into a plurality 
of route segments, the route having a start node and an end node, and means (for 
examffle in the form of a processor with associated memory) for segmenting the i:oute 
.comprising means (for example in the form of a processor with associated memory) 

15 for generating a plurality of route segments each bounded by two significant nodes or 
by one significant node and one of the start and end nodes. 

■: : ' : ;'Tlie, apparatus for processing data preferably comprises means (for example in the 
form of a processor with associated memory) for segmenting the route into a plurality 
20 of "route segments, further comprising means < (for example in the form of a processor 
with associated memory) for further segmenting one of the plurality of route segments 
if the segment exceeds a pre-determined length. 

The apparatus for processing data preferably comprises means (for example in the 
25 form of a processor with associated memory) for segmenting the route into a plurality 
■of route segments, fuirther comprising means (for example in the fprm of a processor 
with associated memory) for further segmenting one of the plurality of route segments 
if the segment comprises more than a pre-determined number of insignificant nodes. 

30 In a further aspect there is provided apparatus for providing a graphical schematic of a 
location, the apparatus comprising (a) means (such as a processor and associated 
/ mepiory) for selecting one or more of points of interest from a database in accordance 
• with a predetermined selection algorithm, (b) means (such as the same or a further 
processor and associated memory) for generating a graphical schematic including the 
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The apparatus for providing a graphical schematic of a location preferably comprises: 
5 (a) means (for example in the form of a processor with associated memory) for 
ranking a plurality of points of interest; and (tO means (for example in the form of a 
processor with associated memory) for selecting one or more of the points of interest 
in accordance with their rank. 

10 The apparatus forproviding a graphical schematic of a location preferably comprises: : 
i(a) means (for example in the form of a processor with associated memory) for 
retrieving one or more stored parameters associated with each point of interest; and 
• (b) means (for example in the form of a processor with associated memory) for 
selecting one or more of the: points of interest in accordance with their associated 

15 stored parameter(s). 

The apparatus for providing a graphical schematip of a location preferably comprises: 
(a) means (for example in the form of a processor with associated memory) for 
selecting a location; and (b) means (for example in the form of a processor with 
20 associated memory) for selecting one or more - points of interest within a 
predetermined racfruf of the selected location. ; 

The database includes a plurality of nodes; the apparatus for providing a graphical 

schematic of a location preferably comprises : (a) means (for example in the form of a 
25 processor with associated memory) for selecting a node; (b) means (for example in the 
• fonn of a processor with associated memory) for defining a region surrounding the 

node; and (c) means (for example in the form of a processor with associated memory) 

. for selecting points of interest within the defined region. 

30 The apparatus for providing a graphical schematic of a location preferably comprises 
means (for example in the form of a processor with associated memory) for defining a 
region surrounding the node comprising means (for example in the form of a 
processor with associated memory) for defining a circular region centred on the node. 
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The apparatus foi* providing a graphical schematic of a location preferably : cpmpiises 
: . means (for example in the fonn of a processor with associated memory) for selecting 
one or more of points of interest from the database in accordance with the visibility pf : 

The apparatus for providing a graphical schematic of a location preferably comprises 
means (for example in the form of a processor with associated memory) for selecting 
one or more of points of interest from the database in accordance with the time of day. 

10: The apparatus .for providing a^gr^phical schematic of a location preferably comprises 
means (for example in the form of a processor with associated memory) for storing a 
list of favourite points of interest associated with a particular user, and means (for 
; example in the fonn of a processor with associated memory) fpr preferentially 



A further aspect of the invention provides apparatus for providing a graphical 
schematic of a location, comprising: (a) means (for example in the form of a processor 
with associated memory) for calculating a durection; (b) means (for example in the 
form of a processor with - associated memory) for generating a graphical schematic 
20 including information which indicates the direction calculated in step a); and (c) 
means (for example in the form of a processor with associated memory) for outputting 
- i &e graphical, schematic. ■ • -:V":.V: 

There is further provided apparatus for providing a graphical schematic of a location, 
25 comprising: (a) means (for example in the form of a processor with associated 
V; imemory) for calculating a direction; (b) means (for example in the form of a 
processor with associated memory) for generating a graphical schematic including 
^information which indicates the direction calculated with means (a); and (c) means 
(for example in tile form of a processor with associated memory) for outputting the 
30 graphical schematic. The information preferably comprises a . marker. The marker 
preferably comprises an arrow. 

The graphical schematic preferably includes a junction including an incoming road 
' segment taken into the junction and an outgoing road segment taken out of the 
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junction. The apparatus for providing a graphical schematic of a location preferably 
comprises means (for example in ttie form of a processor with associated memory) for 
determining the angle between the incoming and outgoing road segments and means 
(for example in the form of a processor with associated memory) for selecting the 
5 information in means (b) above in accordance with the angle. 

The number of arrows included in the graphical schematic preferably varies in 
accordance with the angle. 

.10 : The apparatus for providing a graphical schematic of a location preferably comprises: 
: (a) means (for example in the form of a processor with associated memory) for 
: determining the cuirent position of the moon or sun; and (b) means (for example in 
the form of a processor with associated memory) for outputting data which indicates 
the current position of the inpon or sun determined with means (a). 

15 

There is provided as a further aspect of the present invention, apparatus for providing 
a graphical schematic of a location, comprising: (a) means (for example in the form of 
a processor with associated memory) for determining the current position of the moon 
V or sun; (b) means (for example in the form of a processor with associated ^emory) fo^ 

20 generating a graphical schematic of the location, the schematic including information 
which indicates the current position of the moon or sun determined in step (a); and (c) 
means (for example in the form of a processor with associated memory) for outputting 
the schematic generated; in step (b). ; The information preferably comprises a marker. 
The position of the marker within the schematic is preferably dependent on the current 

25 position of the moon or sun. The marker preferably comprises a shadow image, the 
; ; configuration of the shadow image being dependent on the current position of the 
moon or sun. 

A further aspect of the invention provides apparatus for providing graphical schematic 
30 data, comprising: (a) means (for example in the form of a processor with associated 
memory) for receiving configuration data; (b) means (for example in the form of a 
processor with associated memory) for generating a graphical schematic in 
accordance with the configuration data received in step (a); and (c) means (for 
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example in the form of a processor with associated memory) for outputting the 
;^pMcal schema 

5 The schematic is preferably output to a device, and the configuration data is 
preferably indicative of a property of thp device. The property is preferably the screen 
resolution of the device. The configuration data is preferably indicative of a user 
preference. 

10 A yet further aspect i of the invention provides apparatus for providing a graphical 
schematic of a location, comprising: (a) means (for example in the form of a processor 
with associated memory) for selecting a network element from a database; (b) means 
(for example in the form of a processor with associated memory) for selecting a point 
of interest from a database in accordance with a predetermined selection algorithm; 

15 (c) means (for example in the form of a processor with associated memory) fo? 
determining a jgedmetricd relationship between the network element selected in step 
(a) and the point of interest selected in step (b); (d) means (for example in the form of 
a processor with associated memory) for generating an abstract representation of the 
point of interest in accordance with the geometrical relationship determined in step 

20 (c); (e) means (for example in the form of a, processor with associated memory) for 
generating a graphical schematic including the set of network elements selected in 
step (a) and the abstract representation of the point of interest generated in step (d); 
and (f) means (for example in the form of a processor with associated memory) for 
outputting the graphical schematic. 
;;25... ? 7 ]' \ ■■ / ■" • ;< : :^V. : S- '"' • 

The geometrical relationship preferably relates to the visibility of the point of interest 
from the edge. The geometrical relationship preferably relates to the apparent size of 
the point of interest from the edge. The geometrical relationship relates to the 
distance of the point of interest from the edge. 

30 ■,) ;-.'=.. ; 4,''.-' : : ' 

Th representation of the point of interest preferably comprises an abstract 

frontage of the, point of ^interest, directed towards the edge. 
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A yet further aspect of the invention provides apparatus for providing a graphical : 
schematic of a location bounded by a defined geographical area, comprising: (a) 
means (for example in the form of a processor with associated memory) for selecting 
one or more of points of interest falling outside the de^i^ geograpMc^ area feo^ the 
5 database; (b) means (for example in the form of a processor with associated memory) 
for generating a graphical schematic of the defined geographical area, the graphical 
schematic including an indication of the direction of the pbint(s) of interest falling ; 
outside the defined geographical area; and (c) means (for example in the form of a 
processor with associated memory) fox qutputting the graphical schematic generated 
: :iO--' : -^in-step(b). /r---. ;■ 

: The graphical schematic preferably also includes an indication of the distance to the 
point(s) of interest falling outside the defined geographical area 

15 The graphical schematic preferably includes first source data from a first source and 
second source data from a second source. 

A further aspect of the invention provides apparatus for providing a graphical- 
schematic/ comprising; (a) means (for example in the form of a processor with 
20 associated memory) for obtaining first source data from a first data source; (b) means 
(for example in the form of a processor with associated memory) for obtaining second 
source data from a second data source; (c) means (for example in the form of a 
processor with associated memory) for generating a graphical schematic including 
said first source data and said second source data; and (d) means (for example in the 
25 form of a processor with associated memory) for outputting said graphical schematic 
^generated in step (c). : , 

The apparatus for providing a graphical schematic preferably comprises: (a) means 
(for example in the form of a processor with associated memory) for identifying a first 
30 Jfeature in the first data source; (b) means (for example in the form of a processor with 
[ associated memory) for identifying a second feature in the second data source; (c) 
means (for example in the form of a processor with associated memory) for 
determining whether the second feature overlaps with the first feature; and (d) means 
(for example in the form of a processor with associated memory) for associating the 
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second feature with the first feature if the second feature overlaps with the ; first 
feature. . . 

The data or schematic is preferably generated by, processed by and/or output from a 
5 central server; the apparatus for providing a graphical schematic, preferably comprises 
means (for example in the form of a processor with associated memory) for receiving 
and displaying the data or schematic at a mobile client device. 

The apparatus for generating data representative of a geographical network preferably 
10 comprises a mobile device and preferably further comprises a server connected to the 
mobile device via a wireless network. 

There is provided a further aspect of the invention in the form of a mobile device 
adapted to carry but a method as herein described. There is also provided a central 
15 server adapted to cany out a method as herein described, comprising means (for 
example in the form of a processor with associated memory) for communicating with 
aplurality of mobile devices. 

There is provided a system comprising apparatus as herein described and a mobile 
20 device. 

The invention also provides a computer program product adapted to carry out a 
■ ,v ^ : ■■-^iiBiy^d■ as herein described, as well as a computer readable medium having stored 

thereon the computer program product and a signal tangibly embodying the computer 
25 : program product. There is also provided a method of transmitting the signal. 

In a further aspect the invention provides apparatus including features for performing 
the method steps described above in any aspect of the invention. Typically the 
apparatus is in the form of an appropriately programmed computer. In a preferred 
30 example the apparatus is in the form a central server remotely located from a user, 
where the user may be a Location Based Service (LBS) and/or a mobile client device. 
The central server is typically configured to generate and output schematics to the 
LBS. and/or mobile client device. The mobile device (typically a hand-held device) is 
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appropriately configured to receive and present schematics (typically in graphical 
fonn) to a user. •.- ';. . . '• , 

: . The invention also provides any method as described herein as performed at a mobile 
5 client device; and a mobile client device for carrying out any of the methods described 




The disclosed methods of and apparatuses for providing graphical schematics of 
locations may be freely modified to generate data representative of geographipal 

':: In any of the methods and apparatus features described herein, schematics or route 
information may be presented to a user in a graphical form. Alternatively or in 
addition, schematics or route information may be presented to a user in a non- 
15 graphical form such as text or voice. Graphical schematics may typically incorporate 
ox be derived from conventional mapping data, and may be derived from several data 
sources, including data relating to context information such as points of interest, for 
example buildings. Schematics preferably provide a simplified view of the underlying 
: ' : ,.^data, for example by modifying characteristics of the gepgraphical features shown, 
20 such as road lengths, relative ^ toj^es and relative positions of features and: the like. In 
some embodiments schematics may comprise inap extracts, which may be 
unsimplified or accurately drawn. 

The method and apparatus features described herein may typically be used as part of a 
25 routing application or service. This may be a routing service for providing routing 
information to a mobile user, preferably a pedestrian user, via. a mobile client device. 
This routing information may typically relate to roads, footpaths and other pathways 
accessible to the user. In one example, the service rnay operate in the context of a 
trade show or exhibition, for example to enable a user to find a particular stand. 

30 

The invention also provides a computer program and a computer program product for 
carrying out any of the methods described herein and/or for embodying any of the 
apparatus features described herein, and a computer readable medium or carrier (for 
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example a disc) having stored thereon a program for carrying out any of the methods 
described herein and/or for embodying any of the apparatus features described herein. 

Re invention also provM 
5 any of the methods described herein and/or for embodying any of the apparatus 
features described herein, and a signal embodying a graphical schematic or other data 
representative of a geographical network generated in accordance with any of the 
: methods described herein, a method of transmitting such any such signal, and a 
computer product having an operating system which supports a computer program for 
10 carrying put any of the methods described herein and/or for embodying ahy pf the 
apparatus features described herein. 

: . Features im hardware may generally be implemented in software, and 

vice versa. Any references to software and hardware features herein should be 
15 construed accordingly. 

Any feature in one aspect of the invention may be applied to other aspects of the 
■ invention, in any appropriate combination. In particular, method aspects may be 
appUed: to apparatus aspects, and vice versa. 

29 • ;; ; V :: ''V : ; " ' : V' : . • ■ ■ : ■(•< "-' 

Preferred features of the present invention will now be described, purely by way of 
; example, with reference to the accompanying drawings, in which:- , 

Figure 1 is a schematic drawing of the basic system hardware; 
25 Figure 2 is a schematic drawing pf ;^ 

Figure 3 is a schematic drawing of a location and guidance service; 
Figure 4 is a view of a network; 

Fij^re 5 illustrates a data set resulting from a Rowing algorithm performed on 
: of Figure 4; '•• 

30 Figure 6 illustrates segmentation of the data set of Figure 5; 
Figure 7 is a view of a set of route edges associated with a route; 

Figure 8 shows a geometrically simplified version of Figure 7, including four 
sectors associated with one of the junctions; 
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Figures 9 to 12 are exemplary schematics as generated by one embodiment of 
a schematic generator; 

Figures 13 and 14 : are exemplary schematics as generated by another 
embodiment of a schematic generator; 
5 Figure 15 shows a map of a road network; 

Figures 16A, 16B and 16C show examples of abstract representations of the 



Figures 18a, 18b and 18c are schematics of different routing subsystems; 
10 Figure 19 illustrates the typical road network configuration of a traffic island; 

Figures 20A, 20B, and 20C show a map of a different road network, road 
network data for that network, and a simplified representation of that network 
respectively; 

Figure 21 illustrates the identification of an extended junction from the road 
: il5 network of Figure 15; 



Figures 23 A, 23B and 23C illustrate the simplification of a network 
comprising two e;dges having a near-paraUel relationship; 

: Figures 24A, 24B and 24C illustrate the : simplification of a network 
20 comprising two edges having a near anti-parallel relationship; 

Figure 25 shows an abstract representation of the road network of Figure 15 as 



Figure 26 shows a corresponding schematic generated by the schematic 
generator; 

25 Figures 27 A, 27B, 28A, 28B and 28C illustrate methods of displaying more 

than one simplified junction in a single schematic; and: 

Figures 29 A, 29B, 30A and 30B illustrate a method of providing an abstract 
representation of a point of interest in a schematic. 
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1. Overview 

1.1 Architecture . I 

5 A basic system hardware architecture is. shown in figure L A location/guidarice 

server 1 is connected to a .database 2 and communication network 3. The 

, cdinmuiiication network 3 communicates with a mobile device 4 via a wireless link. A 

Location Based Service (LBS) server 10 is also connected to the communication 

• network 3. i. :'. : 

• \:].1Q i. ■ • \ ';' \ \ ' ' >; k V- V/A,' "\ ;'• ■ , : ■ " " 

1 J J Mobile Device 

Mobile device 4 is typically a handheld device such a mobile phone or personal 
digital assistant (PDA), The mobile device 4 may have a significantly smaller screen, 
: 15 lower data teansfer rat than is found in equivalent, 

browser/hardware arrangements for the fixed Internet. Two different classes of mobile 
(tevice are considered heire (though in other embodliments, different lands of devices : 
may be used): small devices and medium devices. 

20 Small and medium devices differ in certain characteristics, including screen 
resolutions, colour / monochrome displays and user interaction methods. For example, 
smaller devices such as Wireless . Application Protocol (WAP)-enabled mobile 
telephones (one example being the Siemens S45 mobile phone) would typically have 
v.-'v.;' small, monochrome displays, using standard mobile telephone keys and WAP menus 

25 for user interaction. Medium size devices may have slightly larger screen resolutions 
(typically no less than 120 x 120 pixels) and may have colour displays. An example of 
such a device is the Trium Eclipse mobile phone. The information generated for small 
and medium devices is generally different and takes into account the different 
: characteristics of the devices. ; i • ■ ■• V'."-- 

' ?' y: ' 30 : : ;." • • ' . v v 1 '•' \ \\ • " ' : . ' ■ ■ : : : ■ ' " . : • /. 

The approach taken for medium size devices is also applicable to larger devices such 
as the Compaq Ipaq or Nokia 9210, which typically have larger resolution colour 
displays and use a point-and-click interface, which may be operated using a stylus. 
Therefore, "medium devices"; ishall be taken tp : include, such devices. Ia fact, 
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techniques described for small and medium devices may be applied to devices of any 
size Furthermore, according to user preference, schematics described below for 
medium devices can be used on small devices, particularly if limited to a view of a 

l: - : -'single junction, -V--^;/ V'*-jVV : v \« v''--:-/'- • .. ; 

The mobile device 4 may also be a General Packet Radio Service (GPRS) device. 

In some embodiments, certain aspects of the routing service may be accomplished by 
executing software on the mobile device. For example, the mobile device may 
10 comprise a Java virtual machine or a browser capable of executing scripts in 
Itog^ages supli as JavaScript. : 

1.1.2 Server . 

15 The location/guidance server 1 comprises software modules for location identification 
and for the generation of routing information such as route schematics as well as 
interfaces to users of the location/guidance server and to database 2. 
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Schematics 



The information provided by the server , 1 is generally in the form of schematics. In 
some cases the schematics may be non-graphical: for instance in the form of textual or 
voice data. However in most cases the schematics include graphical information in the 
■form of simplified maps, and are derived from conventional mapping and 
25 geographical data. Graphical schematics may be in formats including bitmap, Joint 
Photographic Experts Group (JPEG), Graphic Interchange Format (GIF), Portable 
Network Graphics (PNG) or a vector graphics format. Schematics may be transmitted 
to the mobile device by standard protocols such as WAP or Hyper Text Transfer 
Protocol (HTTP), or by a. proprietary protocol. 



The schematics include Only such information as is useful and. necessary for a routing 
task, or other task, For example, schematics typically include representations of road 
layouts along with context information, such as prominent buildings or landmarks. 
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^Gbntext information of this kind will be referred to as Points Of Interest, oi POIs ih 
abbreviation. ■ 

Schematics are commonly labelled , with textual information to help the user recognise 
5 the various features. 

Routing Schematic Types 

Various types of schematic are available, each with a specific role in the routing / 
10 guidance process. There are three major types of schematics: orientation schematics, 




Orientiation schematics assist users to find their current locatioh before following a 
Toute. Location schematics are similar to orientation .schematics but are not related to 
15 a route; they simply provide an overview of a geographical area. 

• Routing schematics indicate the correct route to the user using symbols such as arrows 
or by highlighting the required roads. Routing schematics can be further classified as 
junction and non-junction schematics. Junction: schematics indicate how a user should 
20 proceed at a junction of two or more roads. Non-junction schematics illustrate 
lgmdmarks along sections of the route that do not contain major junctions, to allow the 
users to gauge their progress along the route. 

Routing schematics typically represent part of a route; but overview schematics may 
25 be provided which describe a route in its entirety. 

: The nature of the routing schematics that are generated is in part dependent upoii the 
functionality of the mobile device 4. In general, more detailed routing information can 
be displayed on large and medium mobile devices than on small mobile devices. 

30' ■" 

Instead of presenting the user with a graphic schematic, the device may present 
' ' infhrmatinTi in the form of text only, and/or as a synthesised yoi ce . 
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'':*=>3(Jhe routing service generates the most appropriate form of schematic based on 
knowledge of the mobile device, which may be stored im a database of user 
information or may be transmitted by the device with each routing request or a^th^ 
start of each routing session. 

Small Screen Routing Schematics 

For devices with small screens, the routing schematics are typically: 

10 • Junction ^c/2e^ric5 , ^ at ijuncjiqns, either a detailed, accurate view or a 

simplified abstract representation of the. junction, along with arrows to indicate 
movement through the junction and points of interest to help the user work out 

• Non-junction schematics: between- junctions, a schematic of simplified road 
15 layout and key points of interest. 

; Depending on requirements, non-junction schematics may be omitted, and only 
junction schematics displayed. 

20 Mediwn Screen Routine Scliematics 

For device$ with medium screens, the routing schematics are typically: 

• Consecutive schematics of sections of the route. The user steps through these 
25 ./. as he progresses down the route. 

: • Each display covers multiple junctions, with routes indicated through and 
between each. 

• Selected points of interest (landmarks, buildings, street funntmp) around and 
between junctions are displayed. 

30 • Most detail is displayed at the junctions. The number of junctions is generally 

twoybutmay V2uy. 
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Laree Screen Routing Scliernatics 

Like the medium screen equivalents, here more than one junction is typically shown 
.-• • .. perscreen. . 

... . 5 .... .. • . \ C : V : ' 'v' 

' ■-■ v 143 ixs '• . ; ; *' ■ i / :• 

; A location Based Service (IBS) - also known as a Location Based, Application^ or 
Location Enabled Application - is run on a second server 10 which is also connected 
10 to the communication network 3. The IJ3S is an apphcation which uses the 
location/guidance services of server 1 as part of a larger application. Many examples 
• : of such applications may be imagined - one such exampje might be a restaurant guide 
which provides a user with Mom a restaurant close to his present 

location, including reviews of and directions to the restaurant. 

15 

Although in a preferred embodiment, services are offered for use by LBSs, in some 
embodiments location/guidance server . 1 may provide services, for Example : :a 
complete location and = routing service, directly to the mobile device* via 
communicatibn network • ' \ ... 

^H< \ ;20. V.} C' •• : ■ v- : : :: ; : ;- :•>;... • '• ' ■ : . ■ / • : - : : ' 

LI A -Database 

Database 2 contains geographical information used by location/guidance server 1 in 
•• •the identification of locations and generation of routing information. The geographical 
25 information includes information on roads, road names and classifications, buildings 
and building classifications, business names and business classifications, full address 
.': d^tta and other geographical and mapping features, hi some embodiments, database 2 
comprises a single homogeneous database. In the preferred embodiment, database 2 
comprises several heterogeneous data sources, sucji as databases and files. 

.,: • " : -'30.. ./ ;A.v7 . ' ■ . : ' " • ■ ' ' - ■ )\ 

= All the data used by the system is commercially available. There are numerous 
alternative sources of data in the UK, and equivalents (with different degrees of 
comprehensiveness and accuracy) in other countries. For example, the following 
different classes of data may be used for the UK: 
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• Large scale cartographic data (for example Ordnance Survey MasterMap). ; 
This includes building outlines (used, for example in POI calculations), and 
may also be used to locate features such as rivers and parkland to be 

5 represented on schematics. As will be described later, schematics typically 

provide junction views which are represented schematically or by displaying a 
small but accurately drawn: extract from the cartographic data covering tlie 
junction of interest (i.e. a small map), with the outlines of POI buildings V 
highlighted arid labelled. 

10 • Road network data (for example TeleAtlas), which includes connections 

between roads (e.g. at junctions), absence of connections between roads that : 
cross but do ribt connect (e.g. flyovers), classification of roads (Motorway, A, ■ 
B etc), some pedestrian paths/walk^ of separate road. : 

■geometries that make up the same complex road layout (e.g. junctions, 

15 roundabouts, dual carriageways). Similar data is also available from NavTech 

and Ordnance Survey. 

• POI data (for example E-street and Qrdnance Survey AddressPoint), that : ' 
consists of points with attributes and classifications identifying the nature and 
specific details of potentially interesting things in the real world (shops, 

: . : ^0-"'- ; ' restaurants, landmarks etc). The AddressPoint data bias a point for every 

address in the country, but includes only : 'vanilla' information like name (in v 
some cases, particularly businesses), number and postcode, The E-street data 
identifies a smaller number of points, but with much better classification and 
information about what and who they represent. POI data is used in the POI 
'••'-.25V;.; : selection step. ... ■ "'-"V': ' ; : : .-. : -;v.. : • .'' ' ■; 

There are other suppliers of data that may be used by the system. 
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1.1.5 Software Structure 

The location/guidance server 1, in combination with database 2, provides a locating, 
routing and guidance 'web service* accessible through Internet-like protocols to the 
5 LBS running on server 10. The web service provides an Application Program 



The structure of the software that provides this web service will now be described in 
more detail with reference to Figure 2. The location/guidance technology includes a 
•10 . number of layers, including: 

\ Web service interface 40 provides the API and infrastructure to allow the LBS 
to access the location/guidance technology and to allow the location/guidance 



15 • The service modules 42 are software modules which provide various aspects 

of the location/guidance services, including identifying locations and 



• The feature model 44 is a data model which supports the service modules. 

• The feature store 46 is a mechanism for overall nianagement of data, providing 
20 a single common interface to all data regardless of the source from which it is 

drawn. 

• The connectors 48 are interface modules which allow data stored on disk in 

■ different formats to be accessed efficiently and presented to the higher parts of 
the system through a common interface at the feature store level. 
25 • Data sources 50 are files and/or databases on disk, either in third party formats 

where databases have been supplied by third parties, or in proprietary formats. 

; For example, referring back; to Figure 1, following interaction between LBS server 10 
: and mobile device 4, LBS server 10 makes a routing request to guidance server 1. 
30 Referring now to Figure 2, this request is received by web service interface 40, which 
invokes the appropriate one (or possibly several) of service modules 42, The invoked 
module then requests any required data from feature store 46 using feature model 44. 
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Feature store 46 identifies the source(s) of the required data, and fetches the data from 
one or more of data sources 50 usiDig the appropriate connector(s) 48. 

LL6 Indexing Method 

A method of indexing geographical features will now be described. The method is 
used by the . system to find features in a given area. 

The indexing method splits a large map (for instance a map of the UK) into a grid of 
10 patches or tiles. This grid is not necessarily uniform as different tiles may ^ of 
different sizes. Each tile includes a list of features located in the geographical area 
represented by the tile, including roads or POIs such as transport nexuses or shops. 
Generally, large tiles are. used to represent geographical areas with a low density of 
features, while areas containing a high density of features , (for example, urban areas) 
15 are represented by small tiles. Since the tiles are ofdifferent sizes, it is not possible to 
directly locate the correct tile solely using known coordinates. Therefore, several 
layers of tiles at successively lower resolutions are provided, such ftat in the jhdj^est; 
layer a single tile covers a large area and lists all the tiles in the next layer which are 
enclosed within the area of the higher layer tile. 
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The indexing algorithm identifies the correct tile by searching dpwhw^ds through the 
hiejrarchy of tiles. In this way, the algorithm searches until it locates tie fin^ (highest 
resolution) tile, which covers : an actual geogf apMcal area, suad lists the features within 
that area. 

The advantage of this indexing scheme is that it is easy to quickly access all the 
information relating to a specific geographical area. If a single tile does not cover the 
area of interest, several surrounding tiles are examined. In some embodiments, 
separate : servers ekch cache information covering a certain area. 

1.2 Service Overview 



Generally speaking, the location/guidance server 1 provides the following services 
which are implemented by service modules 42: 
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v> Identifying a mobile device use^ vv 

• . Identifying a user's desired .destination 

• Generating routing information for routing the user from his present location 

'"! f'siiy: ; to^ ;: - = >->.-.>. 

Individual Location Based Services may use only aspects of the services provided. 
For example, LBS server 10 may request routing information only, providing staitipg ; 
and finishing locations as parameters of the request. 

10 Alternatively, these services may be combined to provide a complete location and 
guidance service incorporating tihe three steps of identifying the device's present 
location, identifying a desired location and providing routing information between the 
two. " • '• : • . .. • •••• . ' •' '/ " : ■:.::)}: j 

15 13 Example Routing Service 

An example of a location and guidance service will now be described in overview 
With reference to Figure 3. -"/C'v. 

20 Routing and location-related queries are received from mobile device 4 via 
• communication network 3 by routing application 100, which manages the interaction 
with the user of the routing service. A user interface is provided as part of the routing 
■ :; ':-:.:;4p^Upation, for example in the form of a Wireless Application Protocol (WAP) site. 
/vTIk} .iiser interface allows the user to perform tasks such as entering information 
. 25. relating to route start andend points and requesting routing information. 

Start/end point module 110 provides services to the routing application, including 
. determining and/or selecting start and end points for a routing request and, for 
« determining the location of a mobile device. It uses network fix module 112 to obtain 
30 location information relating to the location of mobile device 4 from communications 
network 3 if required. 
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Routing application 100 generates routing requests based on the user queries and 
passes these to routing subsystem 200. These may, for example, comprise two or 
more geographical coordinates defining a route for which routing information is to be 
'generated. v ._ : 

".Sy ■/■•' ■ : J,'-' • - •' ;: .v; • ■' ' : • : '' /: ' " 

feouting subsystem 200 comprises router 210, POI selector 220, route segmenter 230 
and schematic generator 240, 

Router 210 identifies a route based on the received routing request, POI selector 220 
10 selects relevant points of interest along the route to assist the user in foUowing the 
: route. Route segmenter 230 segments the route into separately displayable, route 
'..:*.: sections. Schematic generator 240 generates route schematics of route segments, and 
may generate other -types of schematics, such; as route overview schematics/ location 
schematics and orientation schematics. 

15. . \ ::{:■ ■: / •'• '• - . ■•■ : .■ ' • ■:■ . " . ■ ; > .-• •;• - . , 

Start/end point module 110 and routing subsystem 200 communicate with 
geographical database 2 to access geq^aphical information. 

A user profile manager 120 maintains information relating to registered users Of Ibe 
20 system, which is held in a user prbfile database (not show); In some embodiments, 
some or all of the user-related information is instead or additionally held locally on 
the niolDile device. .. ;• '■'/".'- . •" 

User profiles may comprise a variety of types of user information, including: 

25 . v .-, • 

• Identifying information (for example a user's mobile telephone number and 
mobile device type) 

• Usage histories (for example, recently / frequently visited places) 

• Preferences (for example, preferred start / end points, preferred POI types, 
30 software configuration preferences). In particular, a list of favourite, 

commonly used locations is held in the user profile. This is referred to as a 
'MyPlaces" list. . 
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Users may communicate with the user profile manager using their mobile device 4 
(for example, via a WAP site) or via some other device such as a compute]: terminal 5 
connected to the communication network 3 (for example, via a World Wide Web 
site), and may update their user profiles according to their requirements^ 

5 : . • ' ' " "' • ' "■ • \ : •" 

Routing application 100 and routing subsystem 200 customise the routing service and 
the routing information generated based on information stored in user profiles, which 
they access via the user profile manager. Furthermore, routing application 100 may 
ppdate user profiles via the -user profile manager in response to user interaction. As an 
10 example, routing application 100 may allow a user to add locations to a list of 
preferred Ideations held in his user profile, and may automatically record history 
information relating to a user's routing queries in the user profile. 

2. Routing subsystem overview 

15 .-. 

Returning to Figure 3, the routing application 100 generates routing requests in 
response to interaction with a user during which the start and end points of the 
required route are identified. This routing request typically comprises the coordinates 
of the start and end points identified, The routing request is passed to the tputiiig 
20 subsystem 200. 

In response to such a routing request, the routing subsystem carries out the following 
:tasks: '-'^ ■ : •■■ •/■j- .'■ 

• the required route is identified by router 210 

25 • POIs along the route are selected by POI selector 220 

• the route is segmented by route segmenter 230 : 

• the first of the sequence : of route, schematics is generated by schematic 
generator 240 

30 The generated schematic is then passed back to the routing application for display to 
the user. When the user requests the next route schematic, the routing application 
sends a route update request to the routing subsystem, in response to which the next 
routing schematic is generated by the schematic generator. ':' 
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The router wiH now be described. 

Geographical data sources such as TeleAtlas provide road information as a network of 
interconnected nodes, where edges represent road segments and nodes represent 
junctions where road segments meet. As well as representing roads, the edges may 
also represent footpaths or any other entities accessible to pedestrians. The desired 
10 route is found by identifying a path of connected nodes through the network from the 
starting location to the finish location. 

The coordinates associated with the start and end locations specified in the routing 
request may not lie exactly on the road network nodes or road segments. For exanipie, 

15 the data supplier may specify the location of a building by providing the coordinates 
of an arbitrary location within said building. In these cases, the corresponding 
network node is calculated by searc^g for the nearest road segment to the start or 
end coordinate. If an address is associated with the start or end coordinate, then only 
those road segments matching this address are considered during this search. 

20 Restricting the search in this way increases the likelihood of finding a network point 
near to the relevant entrance to the building. 

3.1. Route Selection Based on Shortest Route 

25 The route selected may be the shortest route, either in terms of distance or journey 
time. Where the routing information is aimed at a pedestrian user whose speed is 
taken to be roughly constant regardless of the type of road (or footpath) used, the 
shortest distance and shortest travel time paths, are likely to be the same. Therefore, 
given that distance information is readily available from the database, the shortest 

30 path is calculated in terms of distance. 

This is achieved using conventional path finding algorithms. For example, from the 
starting point, the router explores all possible edges to get to the next node on each 
edge. It stores each of these as a possible partial route. As each new node reached, it 
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■• explores all possible edges to new nodes, and again stores each as a set of possible 
partial routes, It does this until the destination is reached. In an enhanced, more 
efficient version, each possible partial route is assigned an estimated total cost (e.g. 
current distance, plus the straight line distance ^t^ 
5 route). At any stage, only the partial route with the lowest estimated total cost is 
explored. Once one route has reached the destination, only partial routes with 
estimated costs lower than the actual cost of that route are explored further. This 
•results in a faster determination of the lowest cost route. The exact mechanism for 
estimating the total minimum cost of a route may vary if a cost other than ; simple 
10 dist^ceisre(^ired r ^^^^^r^^;- ' ';''V .'h!;-; ;;. hv../i. : 

3.2 Route Selection Based on User Profile 

Alternatively, the route selection may be based on a user profile, or stored on the 
15 mobile device 4. For instance the user profile may specify that the route selection : 
routine should seek to identify the safest route (for example, by not selecting 
footpaths or minor roads as part of the road). 

3.3 Route Selection Based on User Input 

20 : - '\'C:; } ' . . \ " : •" ' \ ' : • •/■ : '}'- '\ ■ ; ;;V;- 

Finally, the user may be able to select ia particular route or constrain the route selected 
by specifying waypoints or other constraints, which are provided as parameters of the 
routing request. • 

r-'qf:. 25 3.3 Building network structure around route 

After a route has been identified, a data set containing extra network structure is built 
: ^ound this route. 

30 Consider, as an example, the route through a network shown inFigure 4. 

The route; itself is labelled 'A', roads labelled *B > are major roads, other roads are 
minor roads. This type of classification is usually present in cartographical data 
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• : (standard data from TeleAtlas may be used; or similar datasets are also available froqi 
NavTech and Ordnance Survey). 

Starting from the route 'A\ a data set of extra network structure is grown out from the 
)S. . route a set distance (currently 80m). The growing algorithm follows tbpse roacls : 
which are of equal or greater importance to the original route and adds portions of 
them to the data set, classifying them as -route structure'. Roads which are of lesser 
importance are added to the data set as spurs (road stubs), if a complete road is 
included as 'route structure' but is less than the set distance, jthen the roads that it 
10 connects with are also analysed. 

Junctions where the original route meets a road of equal or greater importance are : 
classified as 'significant'; Qtfeer junctions (Unsj^Scant' junctions) would typically 

• correspond to spurs. { 

• The data set resulting from the growing algorithm on the example network is shown 

'v;-.;; : inFigure.5. . : : ; 

Those elements corresponding to the, original route are labelled 'A', those labelled as 
20 'route structure' 'B'. Elements labelled 'C are 'spurs', Significant junctions are 
naarked with circles. . 

Once the route has been generated, the POI selector identifies points of interest along 
the route for possible inclusion in routing schematics. The route is then supplied to the 
25 segmenter, which, in response to route update requests received from the user via the 
touting application, makes successive calls to the schematic generator to generate 
schematics for individual segments of the route. 

During the process of routing the user along the route by presenting this sequence of 
30 schematics, the routing application may send a modified routing request. This rnay 
happen if, for example, the user becomes lost whilst following the route. In this case 
the existing route is discarded and a new route calculated based on the modified 
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4, POI selector 

Once the route has been calculated, points of interest . (POIs) such as : prominent 
i buildings are identified along the route for later display to the user, These help the 
5 user find his way along the suggested route. Various methods of selecting POIs are 
described below. 

4-1 Sector Ranking 

10 POIs near junctions are given particular importance as they can be referred to by the 
\xser when deciding which df several roads to take. To identify such POIs, a set of 
sectors is constructed around each junction. An exainple of this is given in Figure 8 . 

Consider a route passing along network; elements 20,23 and 24. Hie junction 
15 comprising network elements 23-26 is divided into four sectors, each sector being 
bounded on two sides by an adjacent pair of roads and on the third side by a curved 
search radius 30-33 at a predetermined distance from the junction. 

Each sector is assigned a sector ranking (a value between zero and one), giving 
20 preference to sectors that are adjacent to, the route. Thus, in Figure 8, sector 30 is 
bounded on two sides by network elements forming part of the route and therefore has 
a high ranking; sectors 31 and 33 are bounded on one side only and therefore have a 
medium ranking; and sector 32 : is not bounded on any side and therefore has : .a low 
ranking. . 
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4.2 POI Ranking 



; : Each sector 30-33 is then searched for POIs and a ranking determined for the POIs 
found. A POI is a candidate if its geometry is contained by, or intersects with, the 
30 sector. The server 1 may search for POIs from a number of different data sources 50 
(shown in Figure 2). For instance, one of the data sources 50 may be the Ordnance 
. Survey dataset known as MasterMap, which includes objects with a Polygon 
: geometry property representing buildings. Another data source 50 may be the 
■ Ordnance Survey dataset known as AddressPoint that includes objects with a Point 
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geometry property as well as address information for all postal destinations in the UK. 
The AddressPoint points lie inside the MasterMap Polygons, and can be used to give 
an address to a building. Another data source 50 may be the dataset provided by E- 
Street, which provides infonnation on businesses, represented as single points _with , 
5 coordinates. 

^ is calculated by adding together a number of contributions: 

pl*sigi^canceFactor + 
10 p2^onRouteiFaGtor + 

p3*labelFaetor + . 
p4*distanceFactor + 
p5 *sectorRanking 

' \ i : 5 The various factors have a range of zero to one inclusive, and the p£grameters ; 
(pi , p2;p3 y p4,p5) are provided as input to the POI selection algorithm. 

The significanceFactor indicates how significant the POI is based on what type of POI , 
it is. For example a POI representing a cinema may be considered more significant 

20 than a POI representing a house. The mapping of POI type onto a significance band 
(typically no more than a dozen) is defined based on the types avaUable v This; 
: mapping may be different depending on a pser profile. For example pubs or bars may 
appear higher in the ranking for men than they do for women. In addition the 
significanceFactor includes a component that ranks larger POIs as more significant 

25 than smaller ones (this is applicable when the POI has a polygon geometry). This is 
calculated using the function described below that takes tfcie square-root of polygon 
area as input and then divides it by the number of bands. The square-root is used since 

• this provides a better estimate of how much of the POI faces the street. 

; V ; : ; 30 : The onRouteFactor returns a value between zero and one depending on how close the 
POI is to being 'on route'. If the address for the POI indicates that it is on the route, 
then it is assumed to be on route. Otherwise the nearest distance to the POI from the 
route is calculated; if this is below a threshold then the POI is assumed to be on route. 
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The labelFactor returns a value between zero and one depending on how much space 
the POI will require to label it in an image. 

The distanceFactor returns a value between zero and one depending on how far the 
5 POI is from the junction/position being identified. This makes use of the function 
described below. The distance supplied to the function is the nearest distance: 
between the POI geometry and the junction/position being identified. 

The calculation of these factors.makes use of a function that maps a value x onto a 
10 value in the range zero to one= This has the form 

1.0 / ( 1.0 + exp((x - xO) / xk) ) 

Typical values for the constants used in the POI ranking are given below, although it 
15 should be noted that an important feature of the system is the ability to change these 
. values easily to tune the system for different types of data (for example, in different 
: . countries): V- ' ; :\ . '' 'V-V" .' : 

•= : ; pi = 3.0 '-.'t :■; 

20 . • p2 = 2.0 • ■ • .'■ : • '• ■■ 

.V : • p3 = 1.0 ■ 

•:v.- '.- : ,:. : > p4 = i.5 

• p5 = i.2 . ■: • ■•s' 1 - -- ••• /■-.' 

• x0 s=. 10.0 and xk = 10.0 for areas in significance 
25 • xO = 15.0 and xk = 15.0 for distance from junctions 

• Label factor is 0.0 if label length is < 15, and 1:0 otherwise. 

4.2.1 Rap Hnp base d on user information 

• 30 The POI ranking scheme described above may be augmented so that the POI selector 
makes use of information specific to the user to provide better-tailored routing 
information. For example: 
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• Because the instruction is generated in hear real-time- the POI 
selector may use information about the current time and ;the 
location of the user when selection POIs. For; example, tie time of 
day may be compared : to opening times of businesses, outlets or 
: similar POIs, to help determine what might represent a smtab|e „. 
; point of interest For example, shops could toe given higher priority • 
for selection as a POI during times when they are open. : 
: • The POI selector may use locations from the user's personalised 
list of locations stored in his user profile (for example in : a 
\'::MyPlaces list), especially those that have been used frequently as a 
start pokit or end point of a route, as points of interest Such ppints 
pf interest can be given lugh priority to ensure thai they are labelled 
arid shown. .. v \ 




on the visibility of the POI. The. visibility of the POI is determined using the 
20 following steps; . 

• The POI is associated with a building from the cartographical data (such as 
that provided by MasterMap) and the nearest edge of the building to a road 
segment of the route is determined. If the address of the POI is directly on the 
25 • route, that is to say the address matches, ; or partially matches, the road name pf 

the road segment then the POI is deemed as visible. 

: • Alternatively, if there is no address or the address does not match the route ; 
then tie POI selector also checks if 'the building lies within a small distance 
30 tolerance of the route, in which case the POI is also deemed as visible. This 

; allows, for example, a POl/building that is just off a corner of the route to be 
still included as a POI candidate, even though the postal address indicates that 
it does not lie on the route. 
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• For POIs/buildings that are not very close to the route but have an address on 
the route the system performs a line of sight calculation, to determine whether 
a given building or other structure is visible from a junction, or other point on 
5 the route. This prevents showing a POI that is actually hidden behind another 

building. For example, if the POI is a statue that is located within a building, 
then it is clearly not visible and hence is not considered as , a POI candidate. 

Shops, cipemas or other businesses that are part of well-known chaips are given a 
10 higher priority for selection as POIs. A fixed list of chains is used for , this purpose, 
listing relevant store names against Which the business name of the Ppl in question is . 
compared. 



15 



20 



4.3 POI data access 

lii general, the geometry of a POI may be represented by a Point, Polyline or Polygon 
in the MasterMap data source. Other information relating to the same POI may be 
contained in other data sources such as the AddressPoint or E-Street datasets. Such 
inf oimation i s associated with a geographical coordinate, but not a building outline. 

The POIs from the different sources are represented in the feature store as POIContent 
objects, providing uniform access to POI information from separate data sources. 

Jn some circumstances the POI in question may only have a Polygon geometry 
25 property within the sector being searched for points of interest. In such circumstances, 
a spatial search is carried out within the entire POI /geometry to locate POIContent 
objects. The properties of these objects are then used as additional properties of the 

POL y.:.: 

30 For example, a large building (such as a hospital) may be represented by a large 
polygon in the MasterMap dataset. This polygon may partially overlap with one of 
the sectors 30-33 - for instance, only a comer of the building may be within a sector, 
with the rest of thebuilding lying outside the sector. Therefore the building itself will 
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: -3^c:idezitified?-as..a .-POI :^tl^vthe/«gip3icable sector. A POI within the building, fpr 
:■ instance contained in the AddressPoint or E-Street dataset iiiay fall outside the sector*. : ; 

Therefore the POI selector searches the entire building for POIContent objects and 
5 treats them as additional properties of the building. 

The POIContent objects themselves are not generally treated as POIs. This avoids the ; 
: possibility of confusion between the POIs (in this case, the building outline polygon?) 
• and the objects spatially located within them that carry the other infonnation about the 

•/•;, ig poi?. '.v * . . • • 

In some embodiments, POIContent objects are ignored when searching for POIs - 
"' •./' '•'' they will only be reached, if needed, via the POIs. In other embodiments, however, 

POIContent objects not contained by a building (or similar polygon) are treated in 
15 their own right as POIs. :; 

4!i3.1 Data Merging 

The system addresses various problems associated with merging data from different 
20 data sources. These problems largely relate to the data being held in different 

formats, or data from different sources having different names/identifiers for 

identifying features (or properties of features) of the same type. This ;is tecMed by 
/•- having a coinmon interface to all connectors used to access data. The implementation. 

of these connectors; can thus present different data through a common interface. An 
25 object oriented data model is built pn top of this interface. 

More specifically, one of the problems with using data from different data sources is 
the problem: of duplication of data. For instance the E-Street dataset may include a 
building name whose coordinates fall within a MasterMap polygon (for instance a 
:30 building). The AddressPoint dataset may also include the same building name but at a 
slightly different position within the building. The interface porrelates the building 
names from the two different sources and identifies that they bpth relate to the same 
buHding, thus avoiding duplication. 
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44 PQI Selection . : . : l"y'^;/-}. "*•; 

To select POIs used to identify the junction, the appropriate sector ranking is added to 
the POI rankings and all sectors are marked as 'in use'. To select a POI the highest 
ranked POI from the 'in use' sectors is selected. The POI is then removed from 
further consideration and the sector marked as 'not in use'. The process is repeated to 
select additional POIs. If all sectors are marked as 'not in use', then they are all 
marked as 'in use' again. 

4.4.1 Introducing virtual junctions 



Sometimes it is necessary to selept POIs 01* a route 'leg 1 rather than at a route 
'junction\ This is normally carried out if -a route leg is judged to be greater than a 

15 threshold length. One or more virtual 2-arm junctions are introduced on the leg. The 
ppsitipn of these virtual junctions are -chosen to ensure that the resultirtg legs are 
nSitlier too long within a percentage, t>Jiically 25%, of the threshold length), hpr 
have too many spurs (typically no more than four). Where possible the virtual 
junction is added at an existing node in the network, otherwise it is introduced part- 

20 • way along an edge, .''/'--yj \ \ :>-•.' 



In the case of Orientation Schematics (described above), POIs are identified for the 
25 junctions using a modified form of the POI location described above uncier the : 
heading 'Directions". In this case the 'onRouteFactor' and 'sectorRanking' are always 
set to zero. Additional sectors are constructed for any Polygons entirely bounded by 
paths between identified junctions. 

30 4 4.3 Location Schematic POI selection 



In the case of Location Schematics (described above), POIs are selected for a location 
schematic based on their significanceFactor. Other elements of the POI ranking are 
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ignored. The area of the schematic is chosen to include at least two and ideally more 
; / "POIs. • -'-v.; V":7v. " ' '}"/-•• \7 7v 7 : ;.77 

5 ■ . ' ./ '/ . V • ":' 7 ' -7/ ' ' ." •.' - : ' ' 7 - ' ■-. 

. Schematics are used to convey some geospatial concept (such as 'how to get from A 
to B' or 'where is Z') to a user. The task typically requires more than one schematic, 
so a route may be presented as a sequence of schematics with a next/previous 
■ operation. Generally speaking, the geospatial concept to be conveyed is segmented 

10 into individual schematics so that each schematic contains something meaningful in 
&e : real world, for example tiiat section of a road between two significant junctions. 

: This can be contrasted with conventional maps that are split onto several pages, for 
example in a book (such as an "A-Z"), where the pages are a fixed size with a fixed 
15 overlap irrespective of what they are showing. 

In the present routing application example, once the route has been identified (and 
optionally geome;tric^y simplified) ^ been selected, the entire route is 

' segmented into individually, displayable sections. 

; ; u '7 7'2p; - ■■■'■'r'- • • • • ■; : V : : 77- : ' : : " " ' " '" v! :' : - : " : 7-. • • v " • - • : v sv;.:: ; ^7: 

The segmentation of the route is driven by the system's model of the real world, the 
aim being to break the route up into parts which individually make sense and can be 
easily related to one another. 

25 Different segmentation methods are provided depending on the schematic generation ; 
method used. Several schematic generation methods will be discussed later. 

5.1 Route segmentation based 011 significant junctions 

30 In a first method, segmentation is achieved by identifying significant junctions along 
' the route.: A significant junction can arise from a variety of significant events. For 
: example significant events include the route changing from one road to another (as 
determined by the name of the road) or crossing a more important road. These 
significant events most commonly occur at nodes in the network data. Much source 

' . ,{ : /.■■{-■ : -•«:i , ..v«2 , ,. ; .:\ : ;.v ' \ "''}";• . ' ." 7'. ": ' • • ' 7" ' ■ ' • " '7' : • ' .• 7- 
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network data contains information about the names and priorities of road segments 
(edges) in a network In addition source data can include information about whether a 
road segment is part of a junction or a roundabout. Thus a node along the route which ..; 
could be expressed as 'Turn left off road X onto road Y! is significant, whereas 
\ 5 'Continue on road A past a turning on your left into road B * is probably not. 

A significant junction may be represented by a node in the network data, or it may be 
an extended junction, in widch case -it is represented by a sequence of edges in the : 
network data. Extended significant junctions are identified by looking for nodes along 
10 the route which are determined to be significant and then including adjacent edges 
which satisfy one or both of the following: 

(a) the edge is short and the nodes at BOTH ends are 'significant', 

(b) the edge is classified as bemg 'part of a junction/roundabout. .. * m the source 

15 data. ' wV.v 

5.1.2 Route Sections 

The roiite is initially split up into 'route sections' by finding those sequences : of 
20 segments between significant junctions. A route section will include the whole of the 
significant junctions (if extended) that bound it. Thus consecutive route sections will 
overlap at extended significant junctions. Consider a route consisting of three 
junctions: jl, j2 and j-3. in which junctions jl and j3 are simple and j2 is an extended 
junction. This leads to two route sections; 'jl to end of j2* and 'start of j2 to j3 5 . These 
25 two route sections overlap because they both contain all of j2, 

Complexity of the paths between significant junctions may necessitate further 
segmentation to improve clarity. Sections are further divided up in order to satisfy 
; further criteria such as maximum number of spurs (insignificant junctions) in a 
30 section or maximum length of a ^ section. This is done by recursive subdivision. 

For example, the route may be split into three sections as shown in Figure 6. 

5.1.3 User Interaction 
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User interaction may also affect segmentation, as follows. By default, a schematic 'leg 
view' would display one route section. The scale of the image will be chosen to fit tlie 
route section plus some overlap with the previous and next route sections, and any 
5 POIs associated with that section. 




Therefore a single route section would typically correspond to a 'leg view'. However, 
the user may interactively choose to switch between leg views and junction views as 
..- he or she progresses along the route. If they switch between a junction view of a 
10 junction internal to an existing route section (say they switched from a, junction view 
; of the two spurs inside ; the first section ; in the example) , the system may adjust the 
route sectioning accordingly in order to show a leg view which begins at the current 
user position. This is simply one example of how user interaction may affect route 
sectioning.'. 

is ■ .. \VC v\ ■. j" . • ' . tl ■•• ; : . 

5.1.4 Processing , 

The generation, geometrical simplification, POI selection and route segmentation 
steps are performed once at the start of a routing session when the routing request is 
20 first received. The generation of individual schematics is performed on-the-fly when a 
route updates is requested by the user, and is typically (depending on the number of 
route segments) performed repeatedly for each route segment. 

5.2 Segmentation based on simplified junctions 

25 : : '"' :< -y; •••• •• -I. ';' " .• 

In an alternative niethod in which the simplified junction schematic generator 
: (described below) is used to generate the route schematics, the segmenter works in the 
following way. ' 

30 The segmenter selects the first node on the route and passes it to the simplified 
junction schematic generator as the seed node. From this seed node, the simplified 
junction schematic generator identifies a set of one or more nodes which are to be 
displayed as an extended junction in a single schematic. 
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The resulting extended junction displayed in a schematic; may contain more than pne 
node from the route. Therefore, once the schematic generator has generated the first 
schematic, the segmenter searches along the route to find the next node which has not 
yet been included in a schematic. This node is once again passed to the schematic 
5 generation module to become the starting point for the generation of the following 
; : schematic. - ■ : .* . 

The segmentation of the route into different schematics is therefore achieved! 
implicitly, as a by-product of the schematic generator's identification of extended 
10 junctions. 

The segmenter may optionaUy identify oidy certain significant junctions for which 
schematics are to be generated, whilst other junctions are considered insignificant and 
. . are ignored. -. . \' 

15 . ; : - ■ : ; 

In the case of the node imager schematic generator described below, a : simpler 
segmentation method is also employed, as will be described below. 

6 Schematic generator 

: 20 •• •' " • ' : - " : • • .• " • ; iVv v : 

; ih a preferred embodiment, the system comprises several alternative schematic 
: generator modules implementing different schematic generation methods. An, ■ 
> appropriate schematic generation module is selected depending on the nature of the 
routing request. For example, different tyipes of schematics inay be generated for 
'25 • different types of mobile devices depending on characteristics such as .screen. 
resolution. Also, the selection may depend on how the system is configured 6r may be 
user configurable. Furthermore, instead of or in addition to generating individual 
routing schematics the routing application may request generation of an overview 
schematic representing the entire route. 

, : % v':30-. ; ' . . " 

Embodiments may incorporate some or all of the schematic generators described, and 
may incorporate other schematic generators implementing different schematic 
generation methods having some or all of the. features of the generators described in 
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any suitable combination. Furthermore, different schematic generation methods may 
be implemented by a single configurable schematics generation module. 



20 



25 



• Path schematics generator 

• Node Imager 



Each schematic generator comprises a POI placement and labelling module which 
10 places POIs selected by the POI selector on the schematic and labels the features of 
•the schematic. Similar techniques are used by the different schematics generators to 
do this ^ will be described following the description of the individual 



15 6.1 Path schematics generator 

The path schematics generator is typically used to generate schematics for use on 
large mobile devices. These may be overview schematics of the entire route or leg 
; \ views showing a leg of the route covering sever^ junctions. 



It can also be used on smaller devices to display views of a particular junction. 

The operation of a path schematics generator 540 in the context of the routing 
subsystem will now be described with reference to Figure 18b, ~* 

i The network route Structure generated as described previously is geometrically 
simplified by a Path Extraction module 542. The operation of this module will now be 



30 The. network elements are first condensed into a set of paths, each path being a series 
of connected route edges sharing the same roadiiame, each forming a simple.string of 
edges. Thus for example in Figure 7, a first path may comprise elements 20,23 and 25, 
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a second path may comprise elements 21 and 22, and a third path . may comprise ."' 
elements 24 and2<6. . ;.' 

•Each path is then individually simplified. This process involves removing details 
5 from, and otherwise manipulating the 2D polyline representation of the path. 

For example, road sections that lie within a certain tolerant of being straight are ; 
; straightened. Y.\ "■" i"; 

10 Distance tolerance considerations are taken into account as follows. A path is 
originally defined by a polyline containing a set of coordinates specified by the source 
data. This polyline is simplified by Removing coordinates whilst maintaining the 
constraint that the simplified polyline lies within a distance error 'd' from the original 
polyline. For an orientation or location schematic, for example, the value of 'd' is 

15 chosen based on the size of the area covered by the orientation schematic. For 
: example, it ; Mght be chosen as 1710 th of the maximum extent of the ^ea covered. In 
the case of a routing schematic, the distan^^ \: 
route: for instance 'd 1 may be one tenth of the size of the whole route, In another 
example, the value of d may change to reflect the size of the individual path. Further 

20 enhancements may constrain the error in the direction of the simplified polyline 
., compared to the direction of the original at the corresponding point. This would be an 
angular constraint similar to but looser than the one applied at significant junctions. 

Particular care over angular tolerance is taken near 'significant junctions' (as defined 
; 25 above), since the relative angular separation of roads at a junction affects the user'? 
confidence. 

An example of simplification of the data of Figure 7 is shown in Figure 8. The first 
path has been straightened put and aligned up and down the page. Element 24 has 
30 been straightened out. The angular separation between elements 23 and 24 at node 27 : 
has been maintained. 

If some of the paths are above a threshold length, then a new virtual junction is 
introduced at their mid-point. 
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: The simplified paths prqducedby the Path Extraction module 542 : are used as input to : 
the Path Drawing module (544 on Figure 18b). This module is responsible for 
drawing the paths in an ^appropriate alignment on the screen and placing other 
5 decoration such as POIs and arrows. Its operation will now be described. 

•i ^Geometries are arranged: 

to ensure that the alignment of the features on the screen makes best use of the. 
screen's aspect ratio; 

10 if the destination has already been chosen, and the orientation schematic is 

being used as the first step, in getting the user moving towards the destination, 
then the orientation schematic may be oriented to ensure that the user's current 
direction of movement is oriented up the screen (or alternatively left to right, 
depending on the screen format); 

15 • if the orientation schematic is being used simply to identify the user' s location, 

then the orientation schematic can either be oriented conventionally (i.e. north 
.at the top), or alternatively, to ensure that some significant feature (e.g. the 
most important road currently in the orientation schematic) be aligned either 
up or across the screen; 

20 • to . 

the smallest areas. 



Each individual routing schematic (generated in response to a route update request 
25 received from the mobile device) is b^ed upon a se^eht of 
}- ! - and geometrically simplified route, with which a number of POIs will have been 
associated by the POI selector. This 'segment' may include one or more nodes. 

The choice of POIs actually displayed in any given routing schematic is further 
30 refined, as described below, and various techniques are employed to improve the 
clarity of the image, including the following: 
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• POIs are offset sufficiently from the roads to make them distinguishable if 
necessary. 

• POIs, other icons (such as arrows) and spurs are moved up and down their 
associated paths to improve clarity without invalidating the fundamental 
information conveyed (for example, by keeping their relative position to each 
other consistent). Broadly, the algorithm looks at the classification of a road, 
its size and whether it is a side road or a crossroads. Depending on the road's 
importance, it shows a stub: or may show more geometry. 

• If it is not possible; to display all display items without introducing conflicts, : 
•items are removed according to a relevancy assessment which takes into 
account their proximity to the user and any scoring statistics calculated during 
their original construction (see POI ratings above). 

• Path lengths or relative angles or even path segmentation may be adjusted in 
order to further optimise the clarity of the resulting image. 

• More detail inlay be included in the first routing schematic to aid the user in : 



20 

• Examples of schematics generated in this way are shown in Figures 9, 10, 1 1 and 12, 
6.3 Node Imager 

05 ' 

The operation of a node imager 560 will now be described with reference to Figure 

■ 18c; v., 

A node imager display is used to provide a junction-by-junction "bird's-eye" view of a 
30 route. In some embodiments, the node imager 560 only provides junction schematics 
for significant junctions (such as Figure 13) and omits all other junction schematics 
(such as Figure 14). Showing the route junction-by-junction is more suitable for small 
devices where display of the legs of a route between junctions is impractical. The 
display from a node imager also differs from a schematic (of the types described 
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above, and below) in that it provides more detail of the .junction and does not dter 
(that is to say simplify) the junction geometry. This provides enough detail to allow 
the user to be reassured: that th^ 

5 Ttie input to the node irnager 560 is the s§t of significant junctions computed by the 
route segmenter described previously. 

V'"'l}ie.-aiea to be displayed for each junction is calculated by the image bound 
computation module 562 as follows: 

.10..,. ... . '." '■ ; "" = : .\; '"V:^ : 'V ■ • . .*.■•'/•• ' \- : - 

. ''•••'• •'•the -map is rotated so that the user arriyes, from the bottom (for portrait 
devices) and from the left (for landscape devices). For the initial image the 
map is rotated so the user leaves via the top (portrait) of via the :ri 
(landscape). 

• the minimum bounding rectangle (MBR), in this rotated space, is determined 
for that part of the route that begins a specified distance along the route before 

\ the junction, the interior of the junction and a specified: distance , along the 
route after the junction. 

• the MBR is extended to include those parts of the selected POIs which fall 
within the search radius of the junction (so that only part of the building 
outline may be shown). 

25 • a scale and centre for the final image is chosen to maximise the scale at winch 

the image can be displayed subject to showing the entire MBR. 

Hie images are generated on the fly by the image drawing module 564 on a per- 
junction basis. They are generated by displaying the polygons associated with key 
30 features at the junction, specifically the roads and buildings. These polygons provide 
: the necessary detail. Features that represent POIs are highlighted and labelled. 
Labelling of the image is undertaken as a final stage in the same manner as described 
below. The route is represented by an incoming arrow on a section of route before the 
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junction and an outgoing arrow on a section of route after the junction, Thus : these 
arrows are unambiguously associated with edges which are not part of the junction 
itself. This approach does not attempt to dictate to the user how to negotiate the 
junction, rather it leaves these details to the user 'on-the-street' where additional 
5 constraints may be visible. 

Figures 13 and 14 are examples of schematics generated by the node imager. : 

6.4 Simplified junction schematic generator ; 

The aim of the simplified schematic generator is to produce a simplified, abstract v j 
representation which is -suitable for display on small devices but which retains 
sufficient information so as to be representative of the real world as seen by an 
observer and user of the schematic. 

A particular factor ^ectmg the usability of a schematicfbased route guidance 
application concerns the treatment of complex junctions. A road junction may be ■■ 
; considered complex if it involves wellrdefined road artefacts such as roundabouts, 
;Vv dual carriageways or traffic islands or if the number or geometry of roads meeting in a 
:■ 20 small region makes it difficult to resolve the road network into single isolated nodes 
that a pedestrian would consider to be single junctions. • 

An example of a complex junction is shown in Figure 15, which shows a map section 
covering a complex junction as supplied by Ordnance Survey in 'Master Map 5 format. 

25 ■ "?•'"••. ' : ;:*:;.;V* }' : v. * • " : : . ' • 

The map represents the real-world geometry of the road network 1±iat constitutes tie 
complex junction, as well as the buildings present in the area, which are shown in 
outline. What appears to be a triangular traffic island can be seen at the centre of the 
image. As a whole, the map provides a realistic representation of the real world. 

V i ""- : -'- : 30; •. " : - ' ? " ' " . ■ '." .V 

; A pedestrian might perceive a complex road network, such as the road network of 
Figure 15, in many different ways, depending on how they approach the junction(s), 
where the pavements are, whether it is possible to traverse the traffic island on foot, or 
on more personal preferences. Examples of how a human might typically represent 
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this complex junction in a hand-drawn sketch map are given in;Figures 16 A, 16B and 
16C, though naturally, many other ways of ^wing the junction in an abstract way 
Vare possible. : ; . . \ . • ; ; 

The road network data provided by geographical data suppliers is typically oriented 
towards how a road user would perceive and navigate this junction. . 

Figure 17 shows the data provided by TeleAtlas for the same complex junction. Some 
data suppliers supply farther information on the road network in the form of other 
property flags on the roads, In ibis particular case, the road elements displayed in bold 
. are; flagged as, "dual carriageway". The lighter road element is flagged as being "part 
of a junction". ^Nodes in the network are labelled A to G. The node G has been 
artificially inserted by TeleAtlas into the data to indicate the corresponding point on 
the other side of the dual carriageway to the node B. 

;.A sple approach to junction schematic generation for a pedestrian route traversing 
J ilihis network ^ ^^t t^t eacii node as a junction. For example, for ^ route entering at 
node C and leaving at F each of the nodes C/G, E, F may be displayed as junctions in 
turn and in isolation. This could lead to much user confusion since it might appear 
that the route meets a fork at C, continues straight on .at G, joins mother road at E and 
then forks again at F. •.; 

Generating a schisinatic which is simplified but representative of the real world from 
tiae available data involves the following steps: 

• Identifying which parts of the road network resolve into individual junctions 
as would be perceived by a pedestrian. Such junctions correspond to sets of 
toad network elements and are termed 'extended junctions'. 

Generating a simplified representation of each extended junction 

• Generating a schematic depicting the simplified extended junction along with 
context information 
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The simplified junction schematic generator cames out the above, steps ; in order to 
produce a simplified, abstract representation of a junction. Its operation in the context 
of the routing subsystem will now be described with reference to Figure 18a.. 

5 Routing application 100 supplies a -route request to the routing subsystem 200, 
specifically to router 210, which identifies the required route, as described above. The 
• route: is passed to segmenter 230, which provides successive seed nodes (for each 
route segment to be displayed) to simplified junction schematics generator 240. 
Schematics generator 240 generates a graphical schematic based on the received seed 
10 node and outputs this to output 260. 



an 

a junction simplification module; 244, a junction drawing module 246 and a POI 
placement and schematic labelling module 248. 



Extended junction identification module 242 identifies ah extended junction based on 
the seed node supplied by route segmenter ?30/ ; Ms is ac 

from the node, adding road network elements to forming 
the extended junction if that road network element conforms to one of a number of 
20 : junction criteria M it as belonging to part of a junction. In some cases, no 

network elements may be founct which satisfy the junction criteria. In this case the 
extended junction identified wiU comprise only a single node, namely the seed node. 
The extended junction identification module will be descifc^in detail below, v 

25 Junction simplification .module 244 creates an abstract representation of the extended 
function identified by extended junction identification module , 242. This abstract 
junction describes the extended junction as a point in the network, with multiple 
junction exits leaving it. These junction exits correspond to the road elements that 
meet at the nodes of the extended junction but which are themselves not part of the 

30 ; extended junction. The abstract junction is also simplified geometrically, with real- 
world angles being changed to angles more suitable for schematic display. 

However, not all extended junctions can be reduced to a single point, since this could 
be misleading to a reader of the schematic. For example, where exits from an 

63 . "•■ ■'■ ; 
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: eit^nded junction are essentially parallel but spaced apart (staggered exits), shov^in^ 
7 these exits leaving from , a single point may lead to a confusing schematic. In such 
cases, an extended junction cannot simply be shown as a single point, and a more 
complCT.rep^entatipn is -needed,- . '■> - 

The generation of a simplified, abstract junction representation will be ; described 

•.v.,.. . • : .below.'.' : -v.-. t ; : * v \* v.. ' ] - ' : -'. ■ V;s 

Once the junction has been simplified, junction drawing module 246 creates the 
10 graphical representation of the simplified junction, 

POI placement and labelling module 248 adds context information such as POIs and 
labels to the graphical representation of the simplified junction to produce the 
. completed schematic. 

f v ':• 15 ; ' ' V ' : : ■ -"^ \ ;; • : : . ■.[ ■ [■ ' \ •' • - • \ " ' 

6.4.1 Extended junction identification riiodule 

; Extended junction identification module 242 will now be described. 

20 An extended junction comprises one or more nodes, the set of internal edges 
.' connecting those nodes if any, and a set of external edges leading to and from the 

extended junction. . 'v.. "•; 

; A representation of an extended junction isolated from the road network data of 
25 Fi^re 17 is shown in Figure 21. 

The extended junction is represented as a set of network elements comprising the set 
iof : junction nodes, the set of internal edges and the set of external edges. 

30 The extended junction is isolated by growing a network of junction edges outward 
from the seed node, adding new edges to the extended junction that meet the junction 
criteria, until no more edges can be added. 
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In many cases the resulting network is the degenerate or tribal case of an extepded 
. junction, namely a single node. Hpwever, in, some cases, the resulting network 
comprises a set of nodes and edges internal to the extended junction. This could 
: include the case of one node and one edge, although this is rare. More typically the 
5 non-trivial case includes two or more nodes and one or more edges. 

Beginning with the seed node, all connecting edges are added to a set of unexplored 
edges. Then, each unexplored edge in the set is examined in turn to determine whether 
it meets any one of a set of junction criteria. If the edge meets one of the criteria, it is 
10 considered to be part of the extended junction. The edge is then removed from the set 
of uhexplored edges and added to a set of internal junction edges . These Sinteinal 
junction edges are edges that are part of the extended junction. 

The node at the other end of the junction edge thus found is added to a set of 
15 urie 



20 



If the edge being considered does not meet the criteria, then it is considered to be an 
external edge, meaning that it corresponds to a road segment leading into or out of the 
extended junction . 



Once all edges connecting to the seed node have been considered in this way, 
processing continues with the next unexplored node and its connecting edges are 
considered for inclusion in the extended junction. The algorithm terminates when the 
set of unexplored nodes is empty, meaning that no further edges can be added to the 
25 extended junction, Throughout the process, edges which do not satisfy the junction 
criteria are considered not to form part of the extended junction and are therefore 
identified as external edges. 

The algorithm is summarised in the following pseudo-code, in which: 
30 UnexploredNodes is the working set of nodes to be considered for 

inclusion in the extended junction 
• JunctioriNodes is the set of nodes forming part of the extended junction 
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• aunct ionEdges , is the : set of. edges forming part of (i.e r internal to) the 
• > : exteiided junction : -. 

• jyieetsJunctionCriteria (edge e) is a boolean function which 
applies the junction criteria to the edge e and returns true if any of the criteria 

5 are met and false if not 

: U°exploredNodes := {SeedNodeJ 
JunctiohNodes := {} ; JunctionEdges := {) ;ExtemalEdges := {} 
While UnexploredNodes is not empty { 
10 Remove next node n from UnexploredNodes 

Add n to JunctionNodes 
•' For each edge e adjacent ton not already in JunctionEdges { 
If Meets JunctionCnteria (e) then 
■V;: add e to JunctionEdges 
15 - add node at other end of e to UnexploredNodes 

••' :: -: : : else, • • • 

: add e to ExtemalEdges 

end if 

20 } 
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Junction criteria 



V.%i&x$tma applied to determine whether a network edge should be taken to be part of 
van extended junction will now be described. 

Criterion (1). Flags set in the source data. The source -data comprises flags which 
30 indicate whether a certain road element is part of a junction. In the example of Figure 
• - 17, the element from A to E is flagged as being part of a junction by TeleAtlas. A 

road element flagged as being part of a roundabout also satisfies this criterion. 
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■ Criterion (2). Length of the network element. If the road element is shorter than a 
certain threshold length (for example, 20m) then it is considered to be part of a 
junction. In some embodinapnts, different thresholds may be applied depending on the 
r road classification size or width of theroad element. 

In the example of Figure 17, the element E to F may well satisfy this criterion. 

Criterion (3). Dualness of the network element. If a network element is flagged in the 
source data as being the other side of a dual carriageway to another element that has 
1Q already been identified as belonging to an extended junction, then it will also be added 
to; the extended junction. In the example of Figure 17, if the element from A to B is 
added to the extended junction, then so will its dual, E to G. This duality pairing is 



15 Criterion (4). Elements of traffic islands. Road elements surrounding traffic islands 
are considered to be part of an (extended junction, If (as, for example, is the case for 
the Tele Atlas data) , the property of being adjacent to or part of a traffic island is not; 
flagged in the road network source data, it is possible to identify algorithmically the 
likelihood that a given set of network elements form part of a traffic island from the 

20 network data that is available. 

-.•Y, ... -A traffic island is detected if the road elements correspond to a particular 
configuration. 

25 This configuration is illustrated in Figure 19. Specifically, a traffic island is detected 
where a set of network elements is found that comprises two sides (AB, AC) 
emanating from a node (A), and joined by no more than two edges (BD, DC or simply 
BC); and that further satisfies the following rules; 

30 • All roads at node A must have the same (or no) name. There may be more 

edges at A than depicted in Figure 19 as long as they satisfy this rule. 
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• B and C must be connected by at most 2 road elements, i.e. the node P n^y or 
•may not exist. If there are two road elements, they must have the same name. 
There are some ^ allowable exceptions to this rule: 

o B and C need inpt be connected if instead they are adjacent to two 
5 . paired elements of the same dual carriageway; this would correspond 

to the case of a road splitting into two at a traffic island. . 
o BD and DC need not have the same name if they are flagged as part of 

a roundabout or junction, 
o BD and DC need not have the same name if one is very short (less than 

10 3m). 

• -.• AC and AB must be shorter than a specified length (for example, 75m). 

• There must be no (MasterMap) buildings inside the region defined by ABDC. 
: : This last rule is applied as a verification check. 

: 15 If the network satisfies these rules, then it is considered to constitute a traffic island. 
All of the; bold elements AB, BD, DC and AC are considered to be part of the same 
extended junction. 

Aii algorithm suitable for, identifying whether a given edge is part of a traffic island 
20 having the above characteristics will now be described. 

Tp be considered part of a traffic island, a given edge must be part of a network 
structure matching the pattern described above. The edge itself must therefore 
correspond to one of the edges AB, AC, BD, and DC, or, in a simpler arrangement, 
25 must correspond to an edge BC. 

Furthermore, the requirements described above dictate that the edge in question must 
either be an AB or AC type edge, or adjacent to such an edge. In fact, since the pattern 
is symmetric, an AB type edge is equivalent tp an AC type edge with respect to the 
30 requirements, and a BD type edge is equivalent to a DC type edge. It is therefore only 
necessary to consider whether the edge in question is an edge of type AB pr is 
adjacent to an edge of type AB. 
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The problem of whether a.given edge is part of a traffic island can hence be solved by . 
determining whether either the .edge in question or : another edge adjacent to it is an : 
: ABitype edge within a traffic island. pattern of edges, and, in the event that an adjacent 
; edge is such an AB type edge, whether the given edge is part of that pattern. 

5 ■•' ' . ' . - 

To achieve this, a set of directed edges is first constructed containing 

a) the given edge itself in both directions (e.g. XY and YX); 

b) all edges adjacent to the given, edge, m = 

10 Each directed edge in the set is then tested to see if it is an AB type edge. This is done 
by attempting to construct a network around the edge corresponding to the pattern 
>. assuming thpLt the edge is an AB type edge. If it is not possible to construct such a 
network, then the edge is not an AB type edge. If it is possible to construct such a 
network, then the network constructed represents a traffic island in the sense defined 

15 above. If the traffic island contains the given edge, then processing stops, since it is 
then known that the given edge is indeed part of a traffic island, and so Criterion (4) is 
met; If not, testing continues on the remaining^ directed edges. 

This algorithm is illustrated by the following pseudo-code. 
20,-x;'/v : • • '.. 

FUNCTION Is_Part_Of_TrafBcIsl^id (Edge) RETURNS boolean 
Generate set of Edge + all adjacent edges XY 
For each Directed JEdge in both directions XY and YX 

: TrafficMand := Identify^TrafficIsland ^Directed JEdge) . . ■ 
25 ': If Trafficlsland contains Edge THESSl 

exit function returning "true" 

End if 
End for each 

No traffic island has been found which contains the edge, so exit function 
30.. :■ returning "false" 

END FUNCTION 

FUNCTION IdentifyJTrafficIsland pirected_Edge AB) RETURNS set of edges 
If AB longer than threshold . 
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it is not part of a traffic island 

edges (meaning that no traffic island has been identified). 
Otherwise, identify each further edge AX leaving A having a different road 
name to AB f If there is one, exit 
5 : Otherwise, for each edge AX, check the following: 

Is AX shorter than the threshold length? If no, exit. 

Is there a path of length 1 (XB) or length 2 (XYiYB) from X toB? If 

Are AB and AX flagged as being two sides of lie same dual .; 
•10.. - .v : : - carnage way? If no* exit. .. .\ h '}-'S^ ■ 

a potential traffic island has been found consisting of AB , AX and either XB 
• ■/V; prXY,YB; ■ 

Checkilf line from midpoint(AB) to midpoint(AX) intersect building in 
Master Map data. If no, return traffic island. 
15 ENT) FUNCTION .. : : . 

: Consider the network depicted in figure 17 for an illustration of how the; extended 
junction criteria are applied. 

20 Starting at node F, the only adjacent element to be part of an extended junction is EF, 
based on criterion (2), its length. The node E is then analysed. The element EA is part 
of the same junction due to criterion (1), being flagged in the data.; Despite the fact 
: that there is in reality a traffic island between them, EG and AB are not identified as 
being part of a traffic island (and hence are not part of the junction), due to the extra 

25 complexity introduced by the nodes B and G. 

Therefore the extended junction comprises nodes F, E and A, and the road elements 
EF an EA. All the other roads meeting at these nodes are considered external to the 
v extended junction. : 
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7.4.2 Junc tion sini piiffcatinn module 

The junction simplification module 244 will now be described. 
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The extended junction identified by the extended junction identification module 
defines -the road network content of the schematic to he generated. A simplified, 
-abstract representation of the extended!: junction . is then: generated by the junction 
simplification module for inclusion in the junction schematic. 

In the example of Figure 17, the extended junction comprising FEA has four exits; 
one to the North corresponding to the exit from F, two to the West corresponding to F 
and A, and one to the East corresponding to EG and AB . . 

10 The extended junction is defined by the set of nodes forming part of the junction, the : 
network edges internal to the extended junction (i.e. edges connecting the junction 
; nodes), and the network edges external to the extended junction, which are the edges 
leading into and away from the extended junction. These will be referred to as 
: junctipn exits. 

Where it is necessary to consider the position of an exit (for further stages in the 
algorithm defined later), this is taken to be the position of the node that the exit leaves 
v from. 

20 The extended junctipn nptionaHy has a centre defined by the average position of the 
network nodes it comprises. 

' - In the majority of cases (including the trivial bnq where the junction comprises a 
single node) , an acceptable schematic image can be generated simply by drawing a 
25 diagram with a single road corresponding to each exit all leaving frpm the same point, 
namely the extended junction centre. An example of this is given in Figures 20A, 20B 
and 20C, in which Figure 20 A shows the MasterMap data for a complex junction, 
Figure 20B shows the road network data (for example from TeleAtlas) corresponding 
to the same junction, and Figure 20C shows a simplified schematic of the junction. 

■■'iiv ! - 30 ■■: "' / ; ;> ' " "" ■ •' ' .. '• 

The benefit of conceptualising the junction as a point with various exits is that at the 
time the schematic is generated, the exact angles and line work displayed can be 
manipulated to give a more regular appearance, for example exits can be 'snapped' to 
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being perpendicular or anti-^parallel to each other within some tolerance, as in Figure 

; ' V: . - ~20C. \ : - V : " " v'C"" ' V- , . = .". , "":.V; ■■" :•: ;;• '■.■[ '-\ 

- In some cases however, it is not acceptable to draw all exits, emanating from the same 
5 point. For example, in the complex junction shown in Figure 17, there are two distinct 
but near^parallel exits leaving to the west. Another reason fpr not wanting to draw two 
exits at the same point is if the junction is obviously staggered. 

In these cases, there are further steps to the schematic generation process. In order to 
10 minimise the complexity of the resulting schematic but still convey the true form of 
the junction, the junction simplification module attempts to find a grouping of the 
exits where each exit in a group can be displayed as emanating from the same point 
Such groups are termed 'clumps* of junctions. Exits will only belong to the same . 
clump if they can be displayed at the same point. The junction simplification 
15 algorithm attempts to minimi se the number of clumps, and hence to maximise the 
number of exits belonging to each clum^^ 

The junction simplification algorithm comprises the following steps: 

20 • Defining the junction exits based bn the external junction edges 

;/'.;/:. : •> Grouping the junction exits into clumps 

• Identifying alignment relationships between clumps 

• Prioritising the alignment relatipnships : 

;=;• 25 : " _;:,. ; : • Vv ?' " / : • ... V*: . • " v -. ' : 

V : ". TtefiTiinfr the junction exits •••• X 

The simplification algorithm first generates -the set of junction exits based on the ; 
30 extended junction's external edges. Each junction exit has the following properties 
... associated with it: 

• The external edge corresponding to the exit 
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• The angle at which the external edge leaves the junction 

• The position of the exit, which is taken to be the position of the junction node 
to which the external edge connects 

5 If two exits are part of the same dual carriageway, they are considered to be the same 
exit. • . ' - • 

Since the external edge corresponding to an exit (which is a network edge from the 
geographical source data) is not necessarily straight, a representative angle is chosen. 
10 A variety of methods for determining the angle associated with an exit are available, 
6f which the folio wing are examples:. * • 

• by calculating the , average angle of the polyline segments over a certain 
distance (for example, over 50 metres) 

i5 • by grouping the angles of the polyline segments oyer a certain distance into a 
number of distinct ranges, and selecting an angle based on the most frequently 
occurring range 

• if the angle of a polyline segment exceeds a threshold (for example, 90 
degrees), Ihe renidnder, of the polyline may be ignored 

20 • by calculating the angle tif a straight line connecting the starting node to a 

point a certain distance along the polyline 

• tt Ihe angle selected based on: one of the previous methods would define ah 
exit that would intersect a building (as given by the MasteiMap data), this may 
correspond to a road bending around a building. In this case, a different angle 

25 pan be selected. 

In the case of a dual carriageway defined by a pair of edges flagged as such in the 
source data, the angle and position attributes are taken to be the respective averages of 
the edges' angles and starting positions. 
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: Once the set of exits for an extended junction liave been determined with their angle 
and position attributes, clumps of exits are identified. A clump of exits is a grouping 
5 of exits which can be drawn frpna the same ppint. 

The first step in identifying clumps is to identify pairs of exits which cannot belong to 
;tiie same clump. This could be either because they are near anti-parallel but 
sufficiently separated in position that they correspond to a 'staggered' pair of exits, or 
10 because they are sufficiently parallel that they cannot be displayed: at: the same point. 
The tenM 'near 5 and - sufficientiyV in this context are determined by cpnst^t^ 
.; , set by experimentation. Each exit in such a pair is put into its own, hew clump. 

AU possible pairings of if they are either 

15 parallel to within a given tibreshold angle, or anti-parallel to within a threshold angle 
and separated by a distance ; greater than a threshold distance. ; 

The second step identifies exits that cannot belong to only one of the clumps made so 
V far on the basis that if they were put into one of the clumps, tMs /would destroy a 'near 
20 anti-parallel' relationship that the exit holds with an exit in another clump. 

The third and final step in the clumping algorithm assigns e?rits not yet in clumps to 
: -the most appropriate existing clump. To do this, the exits are ordered 'clockwise* 
around the junction. This clockwise ordering is first done on the basis of the position 
25 of the exit around the centre of the extended junction. Exits which are at the same 
position are further ordered on the basis of the angle between each exit and the vector 
subtended from the centre of the junction to the position qf the exits. 

Exits are then assigned to the closest clump whilst ensuring that this ordering of the 
30 exits is preserved. The assignment algorithm considers the exits in their clockwise 
ordering in sequence. Starting with the first exit, this is assigned to the nearest clump. 
V.7 : ':" '.The algorithm cohtinueis around all exits in a clockwise direction, until all exits have 
been assigned. 
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• : . Example 

Referring once again to the sample network data illustrated in Figure 17, as an 
: example of how the clumping algorithm works, consider an extended junction. 
5 comprising nodes F, E and A. 



Figure 21 shows this extended junction with exits labelled. Since external junction 
edges EG and AB are flagged in the source data as being two sides of the same dual 
carriage way, these are identified as the same exit by the junction simplification 
10 module. : : :- 

Therefore, Figure 21 shows a total of 4 exits labelled el, e2, e3 and e4. 

In the first step of clump identification, the exits are considered to determine which 
15 / exits need to be assigned to separate clumps. In the example, e3 and e4 are assigned to 
two separate clumps Gl and C2, since they are near parallel. At Ms stage, exits el 
and e2 are yet to be assigned to clumps. 

In the second step, the remaining edges are considered. Exit el cannot belong to the 
20 clump c 1 (so far containing e3) since it is near anti-parallel with e4 (in clump c2) By 
the same token it cannot belong to c 1 . Such exits are put into new, separate clumps; 
here exit el is put into a new clump C3. 

Now that the clumps have been defined, the remaining exits are assigned to their 
25 respective nearest clump. Here e^ 

Identifying atten dant rel ationships between clumps 

The next stage in forming a schematic for the junction involves identifying the 
30 relationships between the clumps that relate to important visual structure of the 
junction as perceived by a user. These relationships will define how the clumps are 
positioned within the schematic. In the example of Figure 22, the fact that el and e4 
. are near anti-parallel defines a relationship between C2 and C3; referring to the real- 
world geometry in Figure 15 it is clear that most users would perceive these exits as 
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belonging to the same road. The aim is to retain as many of these relationships as. 
possible whilist Mnimising complexity of the schematic by vising parallel : and . 
perpendicular angles and drawing horizontal and vertical lines wherever possible. . 

5 The set of these relationships is described by a matrix of alignments of each clump 
with respect to all the other clumps. This is referred to as the alignment matrix. An 
.alignment is a vector which describes the 'best' relative position of one chimp with 
respect to another according to the /strengths of the relationships between each pair of ; 
exits in the two clumps involved. These relationships may either be parallel or anti- 
ID parallel alignments of the pair of exits. 

: A parallel relationship corresponcls to the real-world situation of a pair of staggered 
exits. An anti^parallel relationship corresponds to the situation of two road segments 
connected to each other in what is substantially a straight line. 

Therefore, if a near-parallel relationship between exits, then it may be possible (and 
advantageous) to draw these as staggered parallel exits off the extended junction. An 
= Example of this is illustrated in Figure 23 A, showing the original relationship of two ■>:':.. 
near-parallel exits, and Figure 23C, showing a simplified representation of that 
20 relationships • 

Likewise, if two exits have a relationship to each other that is close to anti-parallel 
&en tl^ cm be (hrawn in a simplified way by straightening them and connecting 
them in a direct line. This is illustrated in Figure 24A, showing two exits having a 
25 near-anti-parallel relationship, and in Figure 24C, showing the corresponding ■ 
simplified representation. 

The strength of a relationship relates to how close the actual real-world geometry is to 
obeying the parallel or anti-parallel relationship. It is defined in terms of the 
30 perturbation that would be required to move the exits so that they coiild be drawn in a 
;manner which completely satisfies the relationship. 



In the case of an exit corresponding to a dual carriageway, the geometry of both sides 
of the road is taken into account. Further refinements may involve taking the road 

- ' V"' / .." . : • 76 : A- • . ' ' ' -• ' • V " ' . '. . . : . ' 
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names into account, in order to increase the probability that a single road through the 
junction is displayed as a straight line, 'Importance' (i.e. dual carriageway, major 
road, minor road) of the roads may also be taken into account 

5 Calculation of the strength of a near-anti-parallel relationship is illustrated in Figure 
24B, Exits 422 and 424 (shown as arrows) are almost anti-parallel. To satisfy a fully 
mti-paraliel jelatioiiship (corresponding to two road segments connected in a straight 
line), apart from adjusting the exits' angles, one of the exits would need to be moved 
by a certain distance (the perturbation). The perturbation vector 430 describes this 
10 shift required to satisfy the relationship. 

Calculation of the strength of a near-parallel relationship is illustrated in Figure 23B. 
Here, exits 402 and 404 are almost parallel (corresponding to staggered exits). 
Perturbation vector 410 describes the s^ required to draw the exits as staggered 
45 exits perpendicular to a straight connecting road-segment. 

In either case, the strength of a relationship is anti-proportional to the length of the 
perturbation vector s that is to say, the shorter the perturbation vector is, the stronger is 
: the relationship. "!/LVv 

\\ . '. v./ I; ;■ V.V y / ' V ' ; V'. -V V:/-;- 
In some embodiments, in addition to the length of the perturbation vector, the 
perturbation angle (shown as a in both figures 23B and 24B) is also taken into 
account in determining the strength of a relationship. 

25 To determine the relative placement of two.clumps of exits, the strongest relationship 
between any pair of the clumps' exits is identified. 

For each pair of clumps an entry is created in the alignment matrix describing the 
strongest relationship between any exit in the first clump and any exit in the second 
30 clump. 

Anti-parallel relationships correspond to two exits entering and leaving either side of 
the extended junction in what an observer may typically perceive as ap essentially 
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straight-line connection, and it is hence assumed that such relationships have greater 
significance for the observer than parallel, staggered-exit type relationships. 

The junction simplification algorithm therefore searches for the strongest anti-parallel 
5 relationship first, and selects this as the strongest relationship between the two clumps 
under consideration. If no anti-parallel relationships can be found, then the strongest : 
parallel relationship is the strongest relationship between the clumps. 

This relationship is entered in the alignment matrix and becomes the alignment 
10 constraint for the given pair of clumps. If neither parallel nor anti-parallel 
. irelationships exist between any of the exits of the two clumps, the corresponding 
;entry in the alignment matrix is left empty, essentially leaving the relationship 
bdtween the two clumpy yndefinecL 

15 This algorithm may be summarised as follows: 

For each pair of clumps <C1, C2> 

Find strongest antirparallel relationship of all pairs <e 1 e ;C 1 , e2 e C2> 
If none found: ■ / • ;-. 
20 find strongest parallel relationship of all pairs <el e CI, e2 e C2> 

Enter strongest. relationship found into alignment matrix for CI, C2, or leave 
blank if none found 

In the case of a dual carriageway, both road segments are considered. The strongest 
25 . relationship between an exit representing a dual carriageway and another exit will 
therefore always be the stronger of the two relationships between either side of the 
dual carriageway and the other exit. 

In the example of Figure 22, there is an anti-parallel relationship between el and e4. 
30 This relationship is very strong since the south side of the road defining el and the 
road defining e4 are very nearly parallel. There is also an anti-parallel relationship 
between el and e3, although this is not as strong as that between el and e3. The entry 
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in the ali gnm ent matrix describing the best alignment of C2 with respect to C3. is a 
vector parallel to the average „of the direction of e4 and el. 

Considering the clumps C2 and CI, there is a parallel relationship between e3 and eH, 
5 and a perpendicular relationship between e2 and e4. In this case, the parallel 
• ^relationship is this stronger due to the /actual angles and positions involved. In actual 
fact these two relationships aire not mutually exclusive since it is possible to draw a 
diagram where both are satisfied. The entry in the alignment matrix describing the 
best alignment of CI with respect to C2 is a vector perpendicular to the parallel 
10 relationship defined by the average of the directions of e3 and e4i 

The sdignment matrix is filled with these vectors describing the best relative positions , 
of the clumps. Some^es two clumps will have no particular good alignment, in 
which case the relevant entry in the matrix will be empty. In mathematical terms, the 
15 matrix is an upper-diagonal matrix describing constraints on the relative positions of 
"■• the various clumps . . • . \ 

The alignment matrix defines the strongest relationships between every pairing of, 
clumps in terms of an jalignnibnt vector and the strength of the relationship. As 
20 previously stated, the strength is given by the perturbation necessary to shift one exit 
(relatively to the other) into the required position. The alignment vector gives the 
. angle and length of a tine connecting the tv/o exits once so shifted. 

Prioritising the alignment relationships 
25 • :: ; ■ 

In order to draw ain optimal schematic, the junction simplification algorithm searches 
for a positioning of the clumps which best satisfies the constraints specified by the 
alignment matrix. In general, it will uot be possible to satisfy them all or there may be 
some positions which are no better thap others - in other words, the system may be = 
30 over- or under-constrained. 

The junction simplification algorithm first identifies the strongest constraint in the 
matrix (that which would require the least perturbation of the network in order to be 
satisfied) and fix the relative positions of the two clumps involved. This constraint is 
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added as the first entry to an ordered list of constraints, and the corresponding matrix 
entry is removed. 

The relationships between the rem ainin g unfixed clumps and each other and the 
5 already fixed clumps are then assessed by searching the remaining non-empty entries 
in the matrix. The strongest remaining constraint defines the position of another 
clump and the fixed ones or a non-fixed one. This constraint is added to the ordered 
list (in second place), and its entry is again removed from the alignment matrix. This 
process is repeated: until there are no constraints left in the alignment matrix. Arbitrary 
10 constraints between the remaining unfixed clumps (if any) are then invented on the 
basis of their actual relative position. 

Other known optimisation techniques can also be used to identify an arrangement of 
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The ordered list of constrairits tiius obtained 'defines a priority ordering on, the 
constraints. ■ "..'"\' v:; ■ • 

This provides a plan for drawing the schematic. In the example of Figures 21 and 22, 
20 the resulting plan is to draw C3 relative to C2 in a direction defined by el and e4, and 
CI relative to C2 in a direction perpendicular to e2 and e3. This plan is provided as 
input to the, junction drawing module 246. 

Although it is conceivable that the above algorithm may result in schematics which 
25 involve intersecting junctions or otherwise inaccurate representations, it has been 
found in practice to result in satisfactory solutions. 

6.4.3 Junction drawing module 

30 The junction drawing module 246, wiU now be described. 

: Once the plan for drawing the extended junction has been generated by the junction 
simplification module, the schematic can be drawn. 
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The constraints defined by the plan are processed in turn. One clump myplyed in the 
first constraint is fixed arbitrarily (for example, ,to the centre of the drawing area). Tfee 
other clump involved in the constraint is then drawn at a fixed distance to the first 
clump at the angle described by the constraint after having been 'snapped' to an 
5 ' aesthetic value (such as horizontal, vertical or 45 degrees if possible). In the case of 
three or fewer clumps in total, tins fixed distance is computed on the basis of screen 
- size, and the actual length of the constraint is ignored. If there are four :pr inor^ 
dumps, the distances between the clumps are based proportionally on the screen size 
and the length of the constraint (which will correspond roughly to the original 
10 distance in the real world). This behaviour for four or more junctions is necessary for 
extremely complicated jimctions since the extra simplification introduced by ignoring 
the lengths can destroy the structure of the junction. 

The location of all clumps thus fixed defines where the exits belonging to each clump 
* 15 are drawn. The angles of /the . exits are snapped to preferred values (for example to 
units of 22^5 degrees or 45 degrees). No internal structure is shown for the extended 
junction; '."V ."' ■'■ : vv ; 

An example of the abstract junction representation derived by the junction 
20 simplification module representing the extended junction of Figure 21 is; depicted in 
Figure 25. The resulting schematic is shown in Figure 26. The extended junction itself 
is simply represented by a triaiigularrshape of at the centre of the schematic, 
stubs representing junction exits leading off it. All angles and lines are horizontal and 
: vertical or at 45 degrees and line lengths are, equal yet the perceived structure of the 
25 junction has been preserved. 

: The length of road stubs is selected based on the road classification and on whether 
V the junction exit in question is on the route. The possible lengths are fixed for eaph 
type of mobile device / resolution, such that the desired emphasis is achieved, foi- 
st) example displaying longer road stubs for exits which are part of the route than for 
exits that are not. •• 

The schematic is also oriented such that the route enters the schematic vertically from 
the bottom of the screen. 
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The above discussion concentrated on an extended junction representing a complex 
real-world junction. The steps involved in the case of a roundabout are the same until 
the clump alignment matrix is constructed. Exits from a roundabout are still resolved 
into clumps, but the plan for positioning the plumps on the schematic is constructed 
by describing the position ■. of the clump relative to the centre of the (circular) 
oroundabout 

Leg views 



1Q 



The simplified junction schematic generator is particularly suitable for generating 
schematics for display on small or medium-sized mobile devices. However, the same 
junction smplificatiqn method may be used to produce schematics of larger route 
sections corresponding, for example, to a leg of a journey. Such schematics are suited 
15 for display on a large mobile device. 

Such a leg view typically represents several junctions in the same schematic by 
chaining together schematics for individual extended junctions with straight or dotted 
lines, as exemplified in Figure 27B, which is a schematic representation of the real- 
£6 world network shown in Figure 27 A. 

The distance separating the junctions in the schematics need not reflect the real world 
at all; the pertinent information to the user is how to navigate the junctions. Actual 
'\-.'-&tmoes8..:in the display are chosen , to fit the phone screen appropriately. Road 

25 network nodes in between junctions at which the user needs to change direction (make 
a turn) may be considered insignificant and ignored completely, as has happened in 
Figure 27B. If the road turns significantly in the real world, the schematics are 
chained together using a kinked line or a curve. The fact that the separation of the 
junctions on the screen may not reflect distances in the real world can be conveyed 

30 using conventional map symbols. These ideas are illustrated in Figures 28A, 28B and 
28C. 
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6 4.4 POI placement and labelling 

The POI placement and labelling module adds context and label information to the 
/ schematic. . ■. 

V* Points of interest will; have been previously identified by the POI selector for the 
; entire route, and each; point of interest selected will have been associated with: a 
particular node along the route. 

10 In the case of a schematic , generated by the simplified junction schematic generator, 
C all points of interest associated with the extended junction nodes which lie on the 
route are considered for inclusion in the schematic. Points of interest which are 
located near- nodes or, road segments not on the route will generally not have been 



15 -:.V, ' ; " • " \ : :• =//..: / . 

Points of interest are displayed on the schematic in one of several different ways, 
depending on the type of schematic and other constraints (such as screen size): 
As a point 
• As a building outline or shape 
20 •: • As an abstracted frontage '•- 

POI display as a point 

This is typically used for small displays, or to avoid clutter where several POIs are 
25 displayed on path schematics. 

Figures 9 to 12 are examples of schematics in which points of interest are displayed as 
points. .'• 

30 POI display as a building outline or shape 

; An example of this has been described above for the node imager, where POIs are 
! shown as shaded building outlines. 
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POI display as abstracted frontage 

in this mode, an abstract representation of the frontage as visible from tide street is 
;5. . generated. 

The following properties of a POI : near junction are considered when displaying 
points of interest in this way: 

10 1) Whether the P OI c an be seen at all from a given road 

2) How large the POI appears to be from a given road. This is classified as one of: 

• CH'--; : : J ;i;:'c) . Karge - ; : 

15 3) How close the POI is to the junction. This is classified as one of 

a) At the junction 

b) 'Near the junction ; 

: c) Not near tie junction 

20 Other :^perti6s of the iP0I, such as its shape, area or distance from the road are 
■■■ considered less important. The property of whether the POI can be seen from a given 
road is particularly important in the case of private houses, since if these are simply 
labelled as the number part of their address then it is important to indicate which road 
this address lies on. 

)-'{'[; r.\ :$5: v -.li' : '-^-Y^^ ■■■ : -. : . . • "•' 

^ is to be displayed in the context of a junction schematic, the above 

properties are calculated for the POI with respect to the two exits that enclose it at the 
junction. These two exits are those to the left and to the right of the junction when 
viewed from the centre of the junction. The properties are calculate^ using the 
30 Ordnance Survey MasterMap geometry of the building. 



1) is calpulated by determining whether a line drawn from the closest point on the 
geometry building to the road to tins closest point on the road intersects with 
any other buildings, 
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v 2) is calculated by projecting the gepmeliy of the POI onto the ; road .and 
measuring the length of 'this projection. 
3) is calculated^ POI onto the road and 

measuring the distance from this projection to the junction. 

Qnce these properties of the POI have been calculated, they provide an abstract 
description of the POI and the true geometry of the POI is discarded. , 

,Tq display this information, it is possible to draw the frontage of the POI along each 
10 of the roads from which it is visible. The fact that the display only represents this 
frontage rather than the actual two-dimensional shape of the building is indicated to 
the user using appropriate line styles. 

An example is shown in Figures 29A and 29B. Figure 29A shovvs the Ordnance 
15 Survey MasterMap data for a given junction. A building selected for display as a POI 
is shown shaded. Figure 29B shows a simplified junction schematic of the junction, 
With the abstract representation of the POI displayed, indicating the frontage of the 
building. . : ; - . v.. 

20 In Figure 29B, the junction has been simplified to an exact crossroads. Although the 
building is longer in one direction than it is in the other, this is not relevant to a user at 
-the junction; its property is 2c) (large) with respect to both roads. Similarly, the fact 
: ' ■ : - ;tfe^ it is furth^ from one road than another is not relevant. The POI is at the corner of 
the junction and can be seen from either road. 

25 

Figures 30A,and 30B show a similar example for a different POI at the same junction. 

: ifc this case, the POI is only visible from one road. Its frontage along this road has 
been classified as being of medium length. A user approaching the junction along any 
30 other road (from either direction) will immediately understand that he may not be . able 
to see the POI until he reaches the junction. 

The styling, lengths and offset from the road of the POI display on the schematic are 
all set based on the mobile device type and screen resolution to optimise the space 
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. usqd and the aesthetic appearance of the display and are not affected by the real world ! i : . 
•geometry of the POI, save that there , are different values used for the abstrapt 
. properties 2 a) b) or c) and 3 a) b) or c) of the POI described previously. - 

5 This technique of resolving fte POI into an abstract frontage along two roads (or in 
the terminology of extended junctions used above, two junction exits) allows for 
much flexibility when determining the visual display of the schematic; the exits may 
be positioned or rotated by the junction display algorithms yet the POI display will 
remain consistent. 

6i5 Location schematics 

A variation of the simplified junction schematic generator described above can be . .; 
psed to generate schematics representing an overview of a location (rather than a route 
15 segment). Such a location schematic can be used to provide general informatiop about 
a location, or can be used as an orientation schematic to allow a user to determine 
their location to greater accuracy within a known area, typically provided by a 
network location fix. . . 

20 In order to provide pertinent information to the user within the restrictions imposed by ; 
the limitations of mobile device display technology, the location or orientation .; 
,1 schematic presents a simplified view of the user's location. Such simplifications ; , 
. include the removal of less relevant information and straightening curved roads within 
certain tolerances, although the angular interrelationship between roads at junctions is 
25 generally preserved. 

All the network nodes within the known area are identified by a spatial search. 

These nodes are then fed to the extended junction identification module. The output of 
30 this module is a set of extended junctions each of which contain a set of one or more 
of the original nodes; the extended junctions describe a grouping of the network 
nodes. . 
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These extended junctions axe then simplified by the junction simplification module 
: 244 and can bedrawn by die junction drawing module 246. POIs may be d^ 
: the context of each of the extended junctions by the POI placement and labelling : 
module 248 or treated as separated entities to be displayed on the schematic in their ; 
5 own right. 

The stylised network in the orientation schematic is based on the junctions identified . 
•above together with those (parts of) non-junction network elements that fall into the 
V location-fix area. : :> 

' " io " . ; ' ■ ''■'/■• / ■ • ; . ; . 

The location or orientation schematic thus covers the entire area of the location fix. It ■; 
presents a stylised image based on network data as described above along with a 
selection of POIs and other context information. ; 

15 For instance, the orientation schematic could represent multiple exits from a large 
building or other stracture/area (e.g. office block, tube station, car park). In the case of 
exits that do not he at actual road junctions, a Virtual junction' is created at the exit 
, A virtual junction is any point that is not considered to be a road junction by the 
underlying network data, but is treated as a junction by the routing application for the 

20 puipos^ of detennining a route or guiding the user. 

Off Route POIs . .. - : y ; ;'::':'/ : 

The POI ranking scheme described above may be augmented so that, when displaying 
25 a route using POIs, off route 'hints' or -signposts' to locations of interest can be 

displayed. An example of such a signpost may read 'British Museum 200m this way'. 

The signposts could indicate something that a user has expressed an interest in (e.g. 

favourite coffee shop, a tourist passing : something in their MyPlaces list), or 

something that a service provider wishes to attract to the user's attention (e.g. 
30 .-.advertising). 

This could involve showing icons having well-known symbols, for example, the ; 
• McDonald's "M" or the London Underground logo; or a cross symbol for churches. 
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Labelling . ... : : =: ■:--V:- ■ . ;■■ : *:v>\> • a.. '. 

. Once a Schematic has been assembled, the image is labelled. Tie number of features 
that are labelled is limited depending on the available screen space. For each label, a 
! 5 excrete set of possible ^ calculated by taking possible points ' 

. on the geometry jof the item being labelled, with a minimum and maximum 
separation, and. then calculating label positions above, below, left and right of each 
point at a range of distances 3 

40 ? For each possible location, the labelling algorithm also generally calculates separate 
single and multi-line -positions' and further positions where the label is hyphenated. 

A 'cost' for each of these positions is calculated, involving proximity of the label to 
the item being labelled, conflicts of the label with other display items, degree of 

15 overlap with other items, conflict with other labels (and their leaders) etc. Priorities 
are assigned to display items which should be avoided (for example, a road that forms 
part of the route has high priority, whereas a side road has lower priority) and to items : v 
to be labelled (the next road that the user has to turn into has high priority, whereas a 
side road half way along a segment has low priority; large POI buUdings neiar 

20 junctions have high priority, small ones have lower priority)! No possible position is ; 
discounted at this stage, although a high cost may be, associated with it if many 
: conflicts are found. :' 

A dummy "invisible" cost is assigned meaning that there is a certain cost associated 
: : 25 -:-.-:^ith- a label not actually being shown. This cost value is chosen so that some 
particularly bad positions are considered to be more costly than not being shown at 
lall. The cost function assigns cost penalties to labels where the label interacts with 
the background geometry, or the road, or depending on whether it can be displayed in . . 
a single line or on several lines or whether it would be hyphenated. 

30 

The cost function also depends on the distance of the label positioned from the 
labelled item. Each item to be labelled has a priority - initially, only the highest 
priority labels are considered, for example, the top five labels, and the priorities are 
decided by what land of item is to be labelled. For example, the road leading out of 
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: the: schematic, in terms of the route, is given the highest priority followed by the main : 
point of interest in the schematic foUowed by the road leading into the schematic. . 

The optimal configuration for all labels is sought by considering the solution space of 
5 all combinations of all the label positions. Given a potential solution (a configuration 
of all labels, each in one of their possible locations), the solution is ranked by 
assessing the cost of each label position, and the conflicts of the labels in that position 
with each other. This is a classic optimisation problem which may be solved by 
exhaustive searching, simulated annealing or other appropriate known methods. 

For the highest priority points of interest, the cost of different label positions is 
calculated and the best final position is then determined by trying to optimise the 
combination of label positions for the high priority items. This could result in some 
not being labelled because, in the , particular combination, the label cost exceeds the 
1 is cost of not being shown at all. After that, any further items to be labelled are 
considered from highest to lowest priority on a "first come, first served" basis, 
meaning that the next item will be considered and if a label position having a cost that 
is smaller than the invisible cpst is found, then that item is shown and labelled at that ■. : • 1 • : , 
position; otherwise it is not shown. 

A point of interest never ^appears without a label. This means that, if in the given 
labe llin g arrangement its label would not appear, then the point of interest is removed 
from the schematic. Conversely, points of interest at the start and finish locations are 
always shown. 

• 25 . ; ■ .■• ■ '. ', : .- • - ■ 

Additional information 

Further information can be shown on the schematic to further assist the user. 

30 ' 

At junctions, one or more arrow symbols are added to the schematic to indicate the 
suggested route through the junction. If the angle between the road segment taken into 
the junction and that taken out of the junction when following the route is less than a 
certain threshold, it is considered that the instruction to be provided to the user is to 
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.': walk essentially straight ahead: In this case, a single arrow is shown at the centre of ; 
the junction.. If the angle exceeds the threshold, representing a taming, two arrows are 
drawn, one showing the way into the junction, and one showing the way out. 

5 Examples of other additional pieces of information that can be shown include 
graphical indications of the current position of the sun, moon or shadows (depending 
on the current time of day and weather conditions) to allow the user to determine his 




iO Some mobile devices also include compasses, which may be used to align the 
schematic on the screen or to provide a graphical indication of the user's current 
.'.. direction.. . 

; . ^ schematic may, depending on requirements, be augmented 

15 with text descriptions, including directions expressed as text and the distance and 
: - journey time remaining. 

It will be understood that the present invention has been described above purely by 
way of example, and modifications of detail can be made within the scope of the 
20 invention. : 

Each feature disclosed in the despription, and (y/here appropriate) the claims and 
-rr— — — drawings-may-be:provided-m^ - — — _______ 
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